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PREFACE 

From  1880-1920  I  taught 
almost  daily  in  the  Middlesex 
Hospital  Medical  School. 

Now,  like  a  reaper  binding 
his  sheaves,  I  venture  to  col¬ 
lect  a  few  Lectures  and  Essays 
and  present  them  to  the  “  old 
students.”  They  may  serve 
as  reminders  of  the  hours  we 
spent  together  studying  the 
dead  with  the  hope  of  aiding 
the  living. 

John  Bland -Sutton. 
April  25,  1920. 
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CHAPTER  I 

THE  NATURE  OF  TENDONS  AND  LIGAMENTS i 

The  metamorphoses  of  muscles  are  not  mythic  fancies 
like  the  metamorphoses  described  by  Ovid,  but  some  are  as 
wonderful,  and,  resting  on  a  solid  foundation  of  fact,  should 
make  any  thoughtful  anatomist  an  evolutionist. 

Joints  and  ligaments  have  long  been  a  dry  study  with 
students,  but  the  following  pages  will  serve  to  show  that 
some  of  the  most  important  processes  of  evolution  may  be 
learned  by  an  earnest  study  of  these  apparently  uninteresting 
bands.  Important  ligaments  are  derived  from  the  meta¬ 
morphosis  and  regression  of  muscles.  Others  are  due  to  the 
degeneration  of  osseous  and  cartilaginous  tissues. 

Morphological  problems  of  the  greatest  interest  may 
centre  in  a  band  of  fibrous  tissue,  whilst  in  the  imme¬ 
diate  neighbourhood  ligaments  abound  of  functional  value, 
but  of  no  interest  to  the  morphologist.  It  is  instructive 
to  sort  from  the  enormous  heap  of  structures  known  as 
ligaments,  those  that  can  boast  a  noble  descent,  and  trace 
the  history  of  their  downfall. 

Any  one  dissecting  an  amphibian  or  a  reptile  for  the 
first  time,  will  be  impressed  with  the  small  amount  of  tendon 
entering  into  the  composition  of  the  muscles.  This  becomes 
more  marked  when  the  muscular  system  of  an  amphibian 
is  compared  with  that  of  a  mammal.  Muscle  and  tendon 

^  The  first  edition  of  the  little  book  on  Ligameyits  appeared  in 
1887 ;  the  second  in  1897  ;  and  the  third  in  1902.  The  first  thir¬ 
teen  chapters  in  this  book  represent  a  fourth  edition  with  much 
rearrangement  and  some  new  matter. 
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have  too  long  been  regarded  as  distinct  tissues ;  the  arrange¬ 
ment  of  the  fibres  in  tendon  strongly  recalls  those  of  the 
fasciculi  in  the  belly  of  a  muscle.  It  is  very  difficult  to 
determine  how  the  muscle  and  tendon  are  joined,  or  by  what 
means  the  union  is  brought  about,  for  the  parts  become 
insensibly  blended.  The  formation  of  tendon  from  muscle 
may  be  traced  in  the  psoas  magnus,  for  in  the  infant  it  is 
almost  devoid  of  tendon.  The  omohyoid  has  no  inter¬ 
mediate  tendon  until  the  twentieth  year  (Ledwich).  Ten¬ 
dons,  as  a  rule,  are  at  the  extremities  of  muscles,  where 
contractile  tissue  has  little  opportunity  of  exerting  itself 
advantageously  ;  for  example,  the  long  tendon  of  the  biceps 
at  the  shoulder,  the  elongated  tendons  of  flexors  and  ex¬ 
tensors  of  the  fingers  and  toes.  When  a  tendon  develops 
in  the  centre  of  a  muscle,  as  in  the  digastric  of  Man,  it  is 
always  in  a  situation  where  muscular  tissue  would  be  of 
little  avail.  When  a  muscle  is  so  situated  that  its  con¬ 
tractile  power  can  be  brought  into  play  throughout  its  whole 
length,  it  remains  muscular  in  structure  from  origin  to 
insertion;  of  this  the  intrinsic  and  extrinsic  muscles  of  the 
tongue  are  good  examples.  If  one  or  both  extremities  of  a 
muscle  fail  to  act  to  full  advantage,  the  reason  for  the 
existence  of  such  a  tissue  fades,  and  the  ends  metamorphose 
into  tendons,  to  play  an  important  part  nevertheless  as 
passive  agents.  Physiologists  agree  that  voluntary  muscle 
fibre  is  to  be  regarded  as  one  of  the  master-tissues  of  the 
animal  body.  To  maintain  such  highly  specialised  structure 
in  good  condition  the  frequent  exercise  of  its  function  is 
necessary.  Parts  frequently  used  are,  as  a  rule,  abundantly 
supplied  with  blood,  for  healthy  performance  of  function 
depends  on  the  organ  being  adequately  nourished.  The 
ends  of  certain  muscles  are  badly  situated  to  exert  their  full 
contractile  power,  or,  on  account  of  modification  in  tha 
creature’s  habits,  portions  of,  and  in  some  cases  whole 
muscles,  become  rarely  used  or  rendered  inoperative.  Loss 
of  function  leads  to  diminished  blood-supply;  decrease  in  the 
amount  of  nutrition  ends  in  degradation  of  tissue.  The 
converse  of  this  leads  to  hypertrophy.  The  ends  of  muscles, 
when  compared  with  the  central  portions,  are  passive ;  the}^ 
need  little  blood-supply,  and  become  in  consequence 
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inetamorphosed  into  tendon.  The  active  central  parts,  often 
called  into  play,  are  well  nourished,  and  increase  in  size  and 
quality.  A  very  good  and  easily-observed  example  of  this 
presents  itself  in  the  biceps  of  the  arm. 

Whole  muscles  may  be  replaced  by  tendon ;  for  example, 
the  flexor  sublimis  digitorum  in  the  mole  is  represented  by 
an  enormous  tendon,  thicker  than  the  ulna ;  the  auriculo- 
ventricular  valves  are  muscular  in  the  embryo,  but  later 
metamorphose  into  tendinous  tissue.  The  right  ventricle 
of  the  bird’s  heart  contains  a  muscular  valve,  and  in  a 
mammal,  the  echidna,  the  same  condition  prevails.  Ogle 
observed  a  patch  of  muscular  tissue  in  the  anterior  segment 
of  the  mitral  valve  of  a  man’s  heart.  This  patch  was  about 
a  centimetre  in  diameter,  and  resembled  under  the  microscope 
the  natural  tissue  of  the  heart. 

When  a  muscle  degenerates,  either  from  morphological 
or  pathological  causes,  the  amount  of  contractile  tissue  is 
diminished,  and  parts  take  on  the  character  of  fibrous  tissue 
and  become  ligament.  This  change  may  conveniently  be 
referred  to  as  regression. 

The  two  processes,  metamorphosis  and  regression,  assisted 
by  a  singular  change  of  position  in  muscles  known  as  migra¬ 
tion,  which  will  be  considered  in  detail  later,  have  been  most 
active  in  providing  ligaments  in  the  limbs. 

The  view  that  tendon  results  from  the  metamorphosis  of 
muscle  receives  great  support  from  the  fact  that  nerves 
terminate  in  them  by  end-organs  something  like  those  of 
muscle.  These  curious  terminations  have  been  especially 
studied  by  Golgi.  They  seem  to  be  most  numerous  near 
the  muscular  insertion. 

The  question  of  the  relation  of  muscles,  tendons,  liga¬ 
ments,  and  nerves  has  a  practical  bearing,  inasmuch  as  it 
affords  an  anatomical  explanation  of  the  knee-jerk  pheno¬ 
menon  so  familiar  to  schoolboys,  which,  when  used  by  the 
physician,  becomes  an  example  of  philosophy  in  sport 
made  science  in  earnest. 

Degeneration  of  Osseous  and  Cartilaginous 
Tissues. — Ligaments  arising  by  this  method  occur  with 
greatest  frequency  in  the  axial  skeleton  and  the  pectoral 
girdle.  As  a  very  large  portion  of  what  is  to  follow  in  the 
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succeeding  chapters  is  devoted  to  the  consideration  of  this 
question,  it  will  be  unnecessary  to  give  many  illustra¬ 
tions  in  this  ehapter,  but  it  may  be  mentioned  as  an  extra 
inducement  to  those  who  are  inelined  to  prosecute  the 
further  study  of  this  question,  that  the  inquiry  will  carry 
the  investigator  into  some  of  the  most  fascinating  regions 

of  morphological  science, 
and  convince  him  that 
morphology  is  the  very  soul 
of  anatomy. 

As  examples  of  ligaments 
arising  from  the  degenera¬ 
tion  of  bone  or  cartilage, 
the  following  are  furnished 
by  the  human  skeleton : 
the  supracondyloid  fora¬ 
men  ;  the  supratrochlear 
foramen ;  the  bleeps  fora¬ 
men  ;  the  suprascapular 
notch  •  the  stylohyoid  liga¬ 
ment ;  and  the  spheno- 
mandibular  ligament. 

The  Supracondyloid 
Foramen. — In  many 
earnivora,  rodents,  lemurs, 
etc.,  there  exists  above  the 
internal  eondyle  (epitro- 
ehlea)  of  the  humerus,  a 
bony  tunnel  known  as  the 
supracondyloid  foramen. 

Fig.  1. — Humerus  of  a  lion,  with  the  This  transmits,  as  a  rule, 
median  nerve  and  brachial  artery 

threading  the  supra  condyloid  foramen,  the  median  nerve  and  the 

brachial  artery  (Fig.  1). 

In  the  young  lion  at  birth,  as  in  the  foetal  cat,  the  foramen 
is  in  part  formed  by  an  outgrowth  from  the  diaphysis,  as 
well  as  by  an  upgrowth  from  the  epiphysis  (Fig.  2).  In 
Man  the  most  frequent  condition  of  this  foramen,  when 
existing,  is  to  have  the  upper  part  of  the  ring  formed  by  an 
osseous  outgrowth  from  the  humeral  shaft,  named  the 
supracondyloid  process ;  the  lower  part  of  the  ring  is  com- 
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—The  siipracondyloid  process  and 
ligament  of  the  humerus  of  Man;  and  the 
humerus  of  a  foetal  lion  showing  the  mode 
by  which  the  foramen  is  formed. 


pleted  by  a  band  of  fibrous  tissue  extending  to  the  internal 
eondyle.  From  this  ligament  the  uppermost  fibres  of  the 
'pronator  radii  teres  muscle 
arise. 

The  Supratrochlear 
Foramen. — The  olecra¬ 
non  and  coronoid  fossa)  of 
the  humerus  are  usually 
separated  from  each  other 
by  a  thin  translucent 
septum  of  bone.  Not  in¬ 
frequently  this  septum 
presents  a  central  circular 
perforation  in  macerated 
specimens.  This  hole  is 
known  as  the  supratroch¬ 
lear  foramen.  When  the 
parts  are  studied  in  un¬ 
macerated  specimens,  the 
foramen  is  filled  with  a  firm  fibrous  diaphragm.  As  the 
supratrochlear  foramen  is  constant  in  many  mammals, 
including  dogs,  the  student  can  easily  verify  for  himself  the 

presence  of  this  diaphragm. 

The  Biceps  Foramen. 
— In  Man  the  long  tendon 
of  the  biceps  plays  in  a 
groove  at  the  upper  end  of 
the  humerus;  in  him,  as  in 
some  carnivora  (lion,  tiger, 
puma,  bear),  this  groove  is 
arched  over  between  the 
greater  and  lesser  tuber¬ 
osities  by  a  broad  band  of 
fibrous  tissue,  the  trans¬ 
verse  humeral  ligament. 
In  the  musk  deer  this  liga¬ 
ment  is  replaced  by  a 
bridge  of  bone  (Fig.  3).  In  the  mole  (Talpa  europtca)  the 
biceps  tendon  is  lodged  in  a  completely  osseous  tunnel 
(Austin  Freeman). 


Fig.  3. — Biceps  foramen  in  a  gibbon  and 
in  a  musk  deer  [Brodie). 
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The  Suprascapular  (Goracoscapular)  Foramen. — 

The  notch  m  the  upper  border  of  the  scapula  which  trans¬ 
mits  the  suprascapular  nerve  and  occasionally  the  artery, 
is  usually  converted  into  a  foramen  by  a  band  of  fibrous 
tissue  known  as  the  transverse  ligament  of  the  scapula. 
This  band  is  frequently  replaced  by  bone,  a  condition 
characteristic  of  sloths. 

In  a  young  ant-eater  (Myrmecophaga  jubata)  the  foramen 
is  composed  in  part  by  the  body  of  the  scapula  and  com¬ 
pleted  by  the  coracoid  process,  as  in  sloths  (Fig.  4),  thus 
affording  an  example  in  the  limbs  of  the  formation  of  a 
nerve  foramen  by  two  centres  of  ossification,  a  condition 
of  things  almost  constant  in  the  skull. 

As  the  suprascapular  notch  is  formed  in  part  by  the  scapula 
and  the  coracoid  process  in  Man  and  other  mammals,  it 

would  be  far  more  convenient  to 
’  refer  to  it  by  the  name  it  bears 
in  comparative  anatomy — the 

coracoscapular  foramen. 

The  Goracoacromial  Liga- 

Fig.  4. — Coracoscapular  foramen  m.ent.  This  structure  is  tri¬ 
ofay  oung  sloth.  /, foramen;  angular,  with  its  apex  attached 
Co,  Coracoid  (Howes).  ,  ^  i  ^  •  p  j  i 

to  the  tip  of  the  acromion  process 
and  its  base  extending  along  the  outer  border  of  the 
coracoid  process.  The  ligament  consists  of  three  parts  : 
an  anterior  broad  band,  of  which  some  fibres  can  be  traced 
into  the  short  head  of  the  biceps  muscle ;  a  posterior  narrower 
band  reaching  to  the  base  of  the  coracoid,  and  a  thin  stratum 
of  fibrous  tissue  bridging  the  interval  between  the  two 
diverging  limbs.  When  the  pectoralis  minor  muscle  is 
inserted  into  the  capsule  of  the  shoulder-joint  instead  of  the 
coracoid  process  (see  p.  39),  its  tendon  passes  between  the 
two  limbs  of  the  coracoacromial  ligament. 

In  the  scapula  of  the  Two-toed  Sloth  the  acromion  sends 
a  long,  hook-like  piece  of  bone  to  meet  the  coracoid.  In  the 
foramen  triosseum  of  many  birds  the  scapula  joins  the 
coracoid  above,  as  well  as  below  the  foramen.  It  is  not 
improbable  that  the  coracoacromial  ligament  represents 
this  osseous  element.  Brodie  thinks  that  the  ligament  is 
derived  from  the  short  head  of  the  biceps. 
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The  Stylohyoid  Ligament. — This  structure  stretches 
from  the  styloid  process  to  the  lesser  cornu  of  the  hyoid 
bone ;  it  results  from  the  degeneration  of  the  cartilage 
forming  the  hyoid  bar.  The  proximal  end  becomes  the 
incus  and  the  styloid  process,  the  distal  fuses  with  the 
thyroid  bar  to  form  the  basihyal.  The  stylohyoid  ligament 
represents  the  long  epihyal  of  ruminants,  etc.,  and  in  Man 
it  is  often  ossified  more  or  less  completely. 

The  Sphenomandibular  Ligament. — This,  commonly 
known  as  the  ''  long  internal  lateral 
ligament  of  the  lower  jaw,’'  is  the  per¬ 
sistent  representative  of  the  Meckelian 
cartilage. 

The  clavicle,  which  is  in  Man  com¬ 
posed  of  dense  bone,  becomes  in  some 
mammals  almost  reduced  to  a  fibrous 
band.  In  some  the  extremities  persist 
as  bone ;  in  others  the  central  piece 
is  bone,  but  the  extremities  are  repre¬ 
sented  by  ligament. 

Among  birds  a  similar  condition  may 
be  noticed,  and  in  some  parrots 

(Platycercus)  the  clavicle  or  furcula  is  Kg.  s.-skullof  thespade. 
represented  by  a  ligament  with  a  foot  toad,  showing  ossifi- 
small  process  of  bone  at  the  coracoid  temporal 

extremities. 

The  morphological  identity  of  tracts  of  fibrous  tissue  in 
one  vertebrate  with  bone  in  another  may  be  illustrated  by 
the  following  examples — 

Among  reptilians  we  find  a  curious  anomaly,  for  some 
turtles  have  the  temporal  fascia,  so  conspicuous  in  Man, 
replaced  by  a  layer  of  stout  bone,  and  many  students,  on 
examining  a  turtle’s  skull  for  the  first  time,  have  been 
puzzled  by  the  extensive  compartment  on  each  side  of  the 
true  skull  which  lodges  the  temporal  muscle.  A  similar 
condition  exists  in  the  toad  {Pelohates  cnltripes),  (Fig.  5), 
and  the  African  crested  rat,  Lophiom/ys. 


CHAPTER  II 


ANOMALOUS  MUSCLES  IN  RELATION  TO 

LIGAMENTS 

The  study  of  anomalous  muscles  has  occupied  the  atten¬ 
tion  of  many  anatomists,  and  the  enormous  number  of 
recorded  observations  may  be  arranged  in  two  groups  : 
Supernumerary  muscles,  and  morphological  variations  in 
existing  muscles. 

Supernumerary  muscles  are  occasionally  represented  by 
bands  of  fibrous  tissue.  Of  these  the  more  easily  observed 
examples  are  :  the  ejDitrochleo -anconeus  ;  the  muscles  of  the 
coccyx ;  the  abductor  of  the  fifth  metatarsal ;  the  azygos 
pharyngis ;  and  flexor  carpi  radialis  brevis.  In  determining 
whether  or  no  a  given  band  of  fibrous  tissue  represents  a 
degenerate  muscle  it  is  necessary  to  satisfy  the  following 
rules : — 

It  must  correspond  with  its  presumed  representative  in 
origin.  The  muscle  should  occasionally  reappear  as  an 
anomaly  in  the  human  subject  and  replace  the  fibrous  tissue. 
Or  the  muscle  should  assume  a  functional  importance  in 
other  animals. 

The  Epitrochleo-anconeus  well  illustrates  these  rules. 
It  is  an  occasional  muscle  in  Man,  arising  from  the  back  part 
of  the  internal  condyle  of  the  humerus ;  it  is  inserted  into 
the  inner  side  of  the  olecranon  process,  and  completes  the 
tunnel  for  the  ulnar  nerve.  When  not  represented  by 
muscle  a  piece  of  fascia  occupies  its  place.  Gruber  con¬ 
sidered  the  e'pitrochleo-anconeKS  to  be  the  most  frequent 
muscular  abnormality  in  the  body.  It  is  present  in  many 
mammals  from  marsupials  to  Man. 

The  horse,  in  common  with  other  mammals  possessing  a 
flexible  tail,  is  furnished  with  muscles  enabling  it  to  raise 
and  depress  the  tail,  as  well  as  muscles  to  move  it  from  side 
to  side.  Such  muscles  are  useless  when  the  caudal  vertebrse 

8 


COCCYGEAL  MUSCLES 


9 


are  reduced  to  the  vestigial  condition  characteristic  of  Man 
and  the  tailless  apes;  nevertheless  the  positions  of  these 
muscles  are  well  represented  in  Man  by  the  bands  known  as 
the  sacrococcygeal  ligaments.  It  is  also  well  established 
that  two  at  least  of  these  ligaments  are  occasionally  replaced 
by  muscles  known  as  curvatores  coccygis.  They  arise  from 
the  anterior  surface  of  the  sacrum  between  the  third  and 
fourth  sacral  foramina,  also  from  the  anterior  surface  of  the 
body  of  the  fifth  sacral  vertebra.  They  were  inserted  into 
the  front  surface  of  the  body  of  the  second,  third,  and  fourth 
coccygeal  vertebrse.  Albinus  had  noted  the  muscles  in 
three  subjects,  but  that  in  others  they  were  replaced  by 
ligamentous  or  tendinous  fibres. 

The  posterior  sacrococcygeal  ligaments  are  sometimes 
replaced  by  muscles,  the  attachments  of  which  are  thus 
described  by  Hyrtl :  The  muscles  are  found  between  the 
hinder  surface  of  the  sacral  vertebra?  and  the  last  piece  of 
the  coccyx.  They  are  a  pair  of  tendinous  muscles — 
repetitions  of  muscles  which  appear  in  most  mammals — 
sacrococcygeus  yosticiis  seu  extensor  coccygis  ”  {sec  also 
Chap.  IX). 

The  abductor  of  the  fifth  metatarsal  bone  is  known  as 
Wood’s  muscle ;  it  arises  from  the  outer  tubercle  of  the 
calcaneum  and  the  plantar  fascia,  and  is  inserted  into  the 
prominence  at  the  base  of  the  fifth  metatarsal  bone.  It  is 
very  common  in  the  foot  of  Man.  When  no  muscular  fibres 
represent  it  a  stout  fibrous  band  invariably  occupies  its 
place.  I  found  the  muscle  in  the  feet  of  two  chimpanzees, 
and  it  exists  in  many  monkeys. 

The  Azygos  Pharyngis  arises  from  the  pharyngeal 
tubercle  on  the  under-surface  of  the  basi-occi23ital.  It  is 
inserted  into  the  median  raphe  of  the  pharynx  superficial  to 
the  insertion  of  the  superior  and  middle  constrictors  of  the 
pharynx.  It  is  a  rare  muscle  in  Man,  but  is  often  repre¬ 
sented  by  a  firm  fibrous  band.  The  muscle  is  present  in 
the  pharynx  of  several  mammals. 

The  Flexor  Carpi  Radialis  Brevis  arises  from  the 
anterior  surface  of  the  radius  above  the  pronator  qiiadratns, 
to  the  outer  side  of,  and  below,  the  flexor  longus  pollicis.  Its 
insertion  is  variable.  When  the  muscle  is  well  developed  the 
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tendon  passes  under  the  anterior  annular  ligament  of  the 
wrist  to  he  inserted  into  the  base  of  the  middle  metacarpal. 
Sometimes  it  spreads  out  and  blends  with  the  fibrous  tissues 
covering  the  carpal  bones,  or  it  may  end  in  the  anterior 
annular  ligament. 

The  upper  part  of  this  muscle  is  often  represented  by  a 
firm  fibrous  band.  Gruber  and  Testut  have  each  detected 
a  fasciculus  of  tendinous  fibres  occupying  the  position  of 
this  muscle,  which  they  name  the  radio-carpal. 

Normal  muscles  are  occasionally  replaced  by  fibrous  and 
tendinous  bands.  Bruce  Young  found  the  subclavius 
muscle  entirety  replaced  by  fibrous  tissue.  Professor  Sir 
William  Turner  on  one  occasion  could  not  find  the  extensor 
carpi  ulnaris,  but  on  careful  dissection  a  narrow  band  could 
be  detected  in  the  deep  surface  of  the  aponeurosis  of  the  fore¬ 
arm,  somewhat  stronger  and  more  opaque  than  the  rest, 
extending  longitudinally  down  the  limb,  parallel  mth  the 
ulna.  Above  the  styloid  process  the  band  became  isolated 
from  the  fascia,  and  entered  the  groove  on  the  back  of  the 
ulna  in  which  the  tendon  of  the  extensor  carpi  ulnaris  ought 
to  have  been  lodged ;  finally  it  became  attached  to  the 
base  of  the  fifth  metacarpal. 

Turner  regards  this  as  an  example  of  the  conversion  of 
a  muscle  into  fibrous  tissue,  and  refers  to  a  similar  case 
recorded  by  Gruber.  Doubtless  many  instances  of  muscular 
variations  and  absence  of  muscles  receive  explanation  in 
this  way,  and  is  supported  by  our  knowledge  of  a  small 
muscle  belonging  to  the  thenar  group  known  as  the  inter¬ 
osseous  primus  volaris  (Henle) ;  arising  from  the  palmar 
aspect  of  the  base  of  the  first  metacarpal,  this  muscle  is 
inserted  into  the  ulnar  sesamoid,  blending  with  the  inner 
head  of  the  flexor  hrevis  pollicis.  It  is  frequently  represented 
by  a  firm  band  of  fibrous  tissue. 

Morphological  Variations  in  Existing  Muscles. — 
This  subject  is  well  illustrated  by  the  coraco-hrachialis .  The 
morphology  of  this  muscle  was  carefully  investigated  by 
Wood,  who  demonstrated  its  triple  constitution.  The 
muscle  arises  from  the  tip  of  the  coracoid  process  of  the 
scapula  in  company  with  the  short  head  of  the  biceps,  with 
which  it  is  united  for  some  distance,  and  is  inserted  into  the 
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inner  border  of  the  humerus  near  its  middle.  Some  of  the 
liigher  fibres  are  attached  to  a  fibrous  loop  extending  from 
the  coracoid  process  to  the  lesser  tuberosity  of  the  humerus. 
The  muscle  is  usually  pierced  near  its  insertion  by  the 
musculo -cutaneous  nerve. 

The  variations  of  this  muscle  observed  in  Man  and  the 
information  furnished  by  comparative  myology  enable  us 
to  describe  its  three  parts  thus : — 

The  portion  represented  by  the  fibrous  band  (Fig.  6,  c  ) 
sometimes  develops  as  a  distinct  muscle,  which  is  known  as 


Fig.  6. — The  chief  variations  of  the  coraco-brachialis  muscle  of 
Man.  c/,  Coraco-brachialis  brevis;  c",  Coraco-brachialis  mcdins; 
c'",  Coraco-brachialis  longus ;  N,  Musculo-cutaneous  nerve. 


the  rotator  humeri.  The  middle  portion  is  the  coraco- 
brachialis  of  human  anatomy  (Fig.  6,  c"). 

The  third  piece  (Fig.  G,  c/")  may  exist  as  a  muscular  belly 
extending  from  the  common  tendon  to  the  internal  condyle ; 
this,  however,  is  rare,  but  its  position  is  usually  indicated 
by  a  thin  tendon  attached  to  the  internal  condyle.  When  a 
supracondyloid  process  is  present  this  portion  of  the  muscle 
is  inserted  into  it. 

The  three  parts  of  the  muscle  are  sometimes  named 
coraco-brachialis  brevis,  medius,  and  longus,  the  musculo¬ 
cutaneous  nerve  indicating  the  line  of  separation  between 
the  medius  and  longus.  The  disposition  of  this  muscle 
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recalls  in  a  striking  manner  the  adductor  brevis,  longus,  and 
magnus  muscles  in  the  thigh. 

Many  variations  exist  among  mamm.als  in  regard  to  the 
development  of  the  various  parts  of  the  coraco-brachialis. 
In  some  the  rotator  humeri  alone  is  present ;  in  others  only 
the  middle  segment.  A  few  possess  the  second  and  third 
portions  as  veil- developed  maiscles.  In  some  mammals  the 
coraco-brachialis  is  unrepresented.  According  to  Parsons, 
the  African  polecat  (Ictonyx),  an  insectivore  (Gymnura),  and 
the  vizcacha  (Lagostomus)  are  without  traces  of  this  muscle. 

In  considering  the  morphology  of  the  third  part  of  the 
coraco-brachialis  in  its  degenerate  form,  it  is  necessary  to 
remember  that  the  stout  band  which  usually  represents  it 
near  the  elbow  was  named  by  Struthers  the  “  internal 
brachial  ligament.”  A  study  of  the  composition  of  this 
band  of  tissue  indicates  that  it  is  in  part  formed  by  another 
vestige,  known  as  the  dorso-epi  trochlear  is,  a  climbing 
muscle  conspicuous  in  most  arboreal  mammals,  especially 
apes,  and  occasionally  present  in  Man.  It  occurs  as  a 
muscular  slip  given  off  at  right  angles  from  the  tendon  of 
the  latissimus  dorsi  at  the  axilla,  and  is  inserted  into  the 
long  head  of  the  triceps,  or  into  the  internal  intermuscular 
septum.  Rarely  it  extends  as  far  as  the  internal  condyle. 
Perrin  has  furnished  a  good  account  of  this  muscle.  The 
reappearance  of  a  muscle  normally  suppressed  is  an  example 
of  atavism,  and  the  dorso-epitrochlearis  is  one  of  the  best 
examples  of  an  atavistic  muscle  in  Man.  In  attempting  to 
unravel  the  meaning  of  such  occurrences  it  is  wise  to  re¬ 
member  that  atavistic  parts  do  not  belong  either  to  forms 
palseontologically  remote  or  systematically  far  distant. 
In  attempting  to  unravel  the  Ancestry  of  Ligaments  let  us 
remember  that  simplicity  is  the  seal  of  truth. 
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CHAPTER  III 


THE  MORPHOLOGY  OF  APONEUROSES 

AND  FASGIiE 

In  the  preceding  chapter  examples  were  given  of  tendinous 
and  fibrous  bands  replacing  muscles.  Evidence  will  now 
be  offered  of  the  formation  of  extensive  membranes  and 
aponeuroses  as  a  result  of  the  metamorphosis  and  regression 
of  muscles ;  it  will  be  considered  in  relation  to  :  the 
palmar  and  plantar  fasciae ;  the  interosseous  membranes ; 
the  deep  fasciae  of  the  limbs ;  and  the  lumbar  aponeurosis. 

The  Palmar  and  Plantar  Fasciae  are  so  well  known 
to  the  student  of  human  anatomy  that  it  would  be  tedious 
even  to  recapitulate  the  details  relating  to  their  anatomy. 
It  is  sufficient  for  the  purposes  of  morphology  to  remember 
that  the  palmar  fascia  is  connected  superiorly  with  the 
anterior  annular  ligament,  whilst  the  middle,  strongest 
portion  of  the  fascia  is  directly  continuous  with  the  tendon 
of  the  palmaris  longiis.  This  muscle  may  be  absent  without 
impairing  the  utility  of  the  limb.  Usually  it  consists  of  a 
definite  belly  with  a  rounded  tendon;  occasionally  two 
bellies  are  present  with  a  tendinous  intersection ;  the  muscle 
may  end  in  the  fascia  of  the  forearm,  or  may  be  wholly 
represented  by  ligament. 

In  the  armadillo  and  the  Cape  antbear  the  palmaris  longus 
is  large  and  important,  muscular  throughout,  sending  slips 
to  all  digits,  and  serving  as  one  of  the  chief  agents  in  flexing 
them  (Galton). 

That  the  palmar  fascia  arises  from  the  degeneration  of 
the  distal  end  of  the  palmaris  longus  muscle,  admits  of  no 
doubt,  for  it  occasionally  happens  that  portions  of  the 
fascia  reassume  their  lost  character  and  present  themselves 
as  slips  of  muscle.  This  occurs  most  frequently  in  connec¬ 
tion  with  the  strips  of  fascia  going  to  the  thumb.  There  is 
good  reason  to  believe  that  the  abductor  of  the  thumb  and 
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the  abductor  of  the  little  finger  are  derived  from  the  distal 
end  of  this  once-extensive  muscular  sheet,  ot  which  the  other 
representatives,  in  a  muscular  form,  are  the  palmaris  longus 
and  the  palmaris  brevis  muscles. 

The  disposition  of  the  plantar  fascia  in  the  sole  exactly 
repeats  that  seen  in  the  hand,  and  the  same  arguments 
will  be  used  to  show  that  in  this  case  the  fascia  results  from 
the  regression  of  the  plantaris.  This  muscle,  like  the 
palmaris  longus,  is  vestigial  in  Man,  and  like  such  structures 
in  general,  is  liable  to  many  variations.  Normally  it  is 
inserted  into  the  inner  side  of  the  tendo  Achillis,  but  it  may 
join  the  deep  fascia,  the  internal  annular  ligament,  or  the 
plantar  fascia ;  occasionally  it  is  absent.  These  vagaries 
alone  are  sufficient  to  indicate  that  the  muscle  has  an 
interesting  ancestry.  Turning  to  the  armadillo  we  find  the 
plantaris  muscle,  instead  of  being,  as  in  Man  and  many 
other  mammals,  chiefly  represented  by  a  long,  thin,  and 
straggling  tendon,  is  larger  than  the  gastrocnemius.  The 
muscle  arises,  as  usual,  from  the  back  part  of  the  external 
condyle  of  the  femur ;  it  then  expands  into  a  large  fleshy 
belly,  extending  the  whole  length  of  the  calf ;  at  the  heel 
it  forms  a  tendon  which  glides  in  a  well-formed  groove  on 
the  back  of  the  calcaneum,  and  spreads  out  as  the  plantar 
fascia,  slips  of  which  pass  to  the  hallux,  second,  and  third 
toes,  extending  even  to  the  terminal  phalanges. 

As  many  of  the  short  muscles  belonging  to  the  thumb  and 
fifth  digit  may  have  arisen  from  portions  of  the  original 
palmaris  longus,  so  may  some  of  the  short  muscles  in  the 
first  layer  of  the  sole  be  considered  as  detached  portions  of 
the  plantaris.  An  exception  must  be  made  in  the  case  of 
the  abductor  hallucis,  which  is  probably  a  migratory  muscle. 

Passing  between  the  radius  and  the  ulna  is  a  flat  fibrous 
membrane,  known  as  the  interosseous  membrane  of  the 
forearm.  Its  fibres  are  directed  for  the  most  part  obliquely 
downwards  from  the  radius  to  the  ulna ;  the  membrane 
commences  a  little  below  the  bicipital  tubercle.  On  the 
posterior  aspect  small  bundles  of  fibrous  tissue  intersect 
the  direction  of  the  main  fasciculi  at  right  angles.  Lying 
on  the  membrane  are  the  anterior  interosseous  nerve  and 
artery.  Careful  dissection  shows  that  small  bands  of  tissue. 
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intimately  connected  with  the  membrane,  arch  over  and 
thus  enclose  the  nerve  and  artery  in  a  fibrous  tunnel.  In 
the  leg  a  similar  interosseous  membrane  exists,  the  fibres 
of  which  pass  more  or  less  horizontally  from  the  fibula  to 
the  tibia,  and  are  intersected  by  fibres  passing  obliquely 
between  the  two  bones  in  different  directions.  The  anterior 
tibial  nerve  and  artery  bear  the  same  relation  to  the 
membrane  as  is  the  case  in  the  fore-limb. 

In  the  iguana,  gecko,  menopoma,  sphenodon,  chameleon, 
and  the  like,  a  muscle  exists  the  fibres  of  which  arise  from 
the  fibula  to  be  inserted  into  the  tibia,  thus  occupying  the 
position  of  the  interosseous  membrane,  so  common  among 
mammals.  The  muscle  in  question  has  been  named  the 
peroneo-tibial,  and  it  exists  in  a  well-developed  form  in  the 
hind-leg  of  the  wombat.  The  anatomical  relations  of  the 
muscle  may  be  studied  most  completely  among  the  lizards. 

If  the  interosseous  membrane  in  the  leg  of  Man  were  not 
originally  derived  from  a  peroneo-tibial  muscle,  it  is  at  least 
the  morphological  representative  of  that  structure.  As  the 
muscle  occurs  within  the  mammalian  circle,  it  is  not  un¬ 
reasonable  to  regard  the  membrane  as  a  degenerated  muscle. 
If  this  view  be  accepted  for  the  forearm,  then  the  anterior 
interosseous  artery  and  nerve  are  to  be  regarded  as  originally 
ministering  to  this  remarkable  muscle,  and  the  fibrous 
tunnel  in  which  they  lie  as  a  consequence  of  its  degeneration. 

The  Deep  Fasciae  of  the  Limbs. — On  comparing  the 
limbs  of  a  lizard  or  a  bird  with  that  of  Man  or  any  of  the 
higher  mammals,  we  shall  be  struck  with  the  fact  that  in 
the  latter  forms  the  muscles  are  invested  by  strong  apo¬ 
neuroses,  known  as  the  deep  fasciae,  and  separated  one  from 
the  other  by  fibrous  intermuscular  septa.  Not  so  in  birds, 
lizards,  and  crocodiles. 

Careful  inquiry  by  means  of  dissection  will  force  an 
impartial  worker  in  the  end  to  the  conclusion  that  the  deep 
fasciae  and  the  intermuscular  septa  are  in  reality  the  result 
of  the  metamorphosis  and  regression  of  muscular  tissue, 
at  least  so  far  as  the  fore-  and  hind-limbs  of  most  mammals 
are  concerned. 

There  is  good  reason  for  believing  that  the  broad  band  of 
fascia  continuous  with  the  biceps  femoris  tendon,  and 
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extending  thence  to  the  external  annular  ligament  of  the 
ankle,  may  be  traced  to  a  large  and  functional  muscle  in 
lizards,  crocodiles,  and  birds  {see  Chap.  VI).  It  is  com¬ 
monly  recognised  that  the  thickening  of  the  fascia  lata, 
known  as  the  ilio-tibial  band,  is  the  degenerate  representative 
of  that  portion  of  the  tensor  fasciae  femoris  muscle^  which 
in  some  animals  extends  to  the  knee. 

There  can  be  little  doubt  that  the  larger  portion  of  the 
fascia  lata  on  the  posterior  aspect  of  the  limb  is  derived 
from  degeneration  of  the  distal  portion  of  the  gluteus 
maximus  muscle.  This  muscle  in  Man  consists  of  a  super¬ 
ficial  part  inserted  into  the  fascia  lata  and  a  deep  part 
inserted  into  the  gluteal  ridge ;  thus  his  gluteus  maximus 
is  a  compound  of  two  muscles.  When  the  gluteal  ridge  is 
well  marked  it  is  called  the  gluteal  (or  third)  trochanter. 

The  gluteal  muscles  in  birds  are  very  numerous ;  as  many 
as  four  are  present  in  some  species.  In  others  (especially 
the  hornbill  Bucorvus)  some  of  these  muscles  are  entirely 
represented  by  tracts  of  fibrous  tissue  or  fascia. 

If  the  dissector  wishes  to  find  the  external  cutaneous 
nerve  in  the  thigh,  he  has  to  seek  it  in  a  tunnel  formed  in 
the  fascia  lata.  In  the  case  of  the  interosseous  membrane 
of  the  forearm,  the  artery  and  nerve  traverse  a  tunnel  formed 
in  consequence  of  the  degeneration  of  the  muscle  to  which 
they  originalJy  ministered.  Comparative  anatomy  supports 
the  view  that  the  external  cutaneous  nerve  of  Man  lies  in  a 
tunnel,  in  consequence  of  the  muscle  which  it  supplied 
having  undergone  regression  and  burying  the  nerve  and 
artery  in  fibrous  tissue. 

The  same  line  of  argument  applies  to  the  deep  fascia  of 
the  arm.  The  bicipital  expansion  is  occasionally  replaced 
by  a  thin  sheet  of  muscular  tissue,  much  broader  than  the 
fan-shaped  arrangement  of  fibrous  tissue  which  it  replaced. 
The  anomaly  is  sometimes  bilateral. 

The  Lumbar  Aponeurosis. — Under  this  name  human 
anatomists  have  found  it  convenient  to  describe  three 
stout  layers  of  fascia  ensheathing  the  erector  spinse  and 
quadratus  lumborum  muscles. 

The  posterior  layer  springs  from  the  spines  of  the  lumbar 
vertebrae  and  the  posterior  part  of  the  iliac  crest.  After 
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closely  investing  the  erector  spinse,  it  joins  with  the  middle 
layer  of  the  aponeurosis  at  the  outer  border  of  that  muscle. 

The  middle  layer  springs,  by  strong  fibrous  bundles,  from 
the  tips  of  the  transverse  processes  of  the  lumbar  vertebrse ; 
and,  passing  between  the  erector  spinse  and  quadratus  lum- 
borum  muscles,  blends  with  the  posterior  layer,  as  already 
described,  and  forms  a  strong  tendon  of  origin  for  the 
transversalis  abdominis  muscle. 

The  anterior  layer  of  the  lumbar  aponeurosis  is  attached 
to  the  front  of  the  transverse  processes  of  the  lumbar  verte¬ 
brae,  covers  the  anterior  surface  of  the  quadratus  lumborum 
muscle,  and  blends  with  the  middle  layer  of  fascia.  Thus 
the  anterior  blends  with  the  middle  layer  at  the  outer  border 
of  the  quadratus  lumborum,  whereas  the  posterior  and  middle 
layers  of  the  aponeurosis  blend  at  the  outer  border  of  the 
erector  spinae  muscle. 

The  posterior  layer  probably  arises  from  the  metamorphosis 
of  the  lower  fibres  of  the  latissimus  dorsi  muscle,  for  in  many  . 
animals  this  fascia  is  wholly  replaced  by  muscle  fibres 
continuous  with  the  latissimus  dorsi. 

The  middle  layer  of  the  lumbar  fascia  has  intimate 
relations  with  the  triangular  muscles  known  as  the  levator es 
costar um.  When  the  structures  in  the  iliocostal  space  are 
removed  down  to  the  quadratus  lumborum,  care  being  taken 
not  to  injure  its  investing  fascia,  there  will  be  seen  arising 
from  the  tips  of  the  transverse  processes  of  the  three  upper 
lumbar  vertebrae  a  fan-shaped  arrangement  of  fine  fasciculi, 
composed  of  fibrous  tissue,  but  more  elastic  in  character 
than  the  rest  of  the  aponeurosis,  and  strongly  recalling  in 
appearance  the  nacreous-looldng  fibres  of  origin  of  the 
serratus  posticus  inferior  muscle.  These  fan-shaped  masses 
have  a  direction  downwards  and  outwards,  the  apices 
being  attached  to  the  tip  of  the  transverse  process  exactly 
like  a  levator  costce,  and  there  can  be  little  doubt  that  the 
thickenings  in  the  middle  layer  of  the  lumbar  fascia  are  the 
degenerate  remains  of  a  set  of  muscles  in  continuation  of 
the  levatores  costarum.  These  fan-shaped  collections  of 
tissue  in  the  middle  la^^er  of  the  transversalis  aponeurosis 
may  be  demonstrated  in  any  dissecting-room  subject. 

In  bodies  possessing  a  lumbar  rib,  however  small,  the  fan- 
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shaped  ligament  attached  to  the  twelfth  thoracic  vertebra 
is  replaced  by  a  functional  muscle. 

The  anterior  layer  of  the  lumbar  fascia  is  probably  derived 
from  the  regression  of  that  portion  of  the  transversalis 
muscle  lying  nearest  the  spine. 

The  origin  of  three  layers  of  the  lumbar  aponeurosis  may 
be  briefly  stated  thus  : — 

The  posterior  layer  results  from  the  metamorphosis  of 
the  lower  fasciculi  of  the  latissimus  dorsi  muscle. 

The  middle  layer  contains  vestiges  of  the  lower  repre¬ 
sentatives  of  the  levatores  costarum  muscles. 

The  anterior  layer  is  the  result  of  the  metamorphosis  of 
the  vertebral  portion  of  the  transversalis  muscle. 

In  that  Man  possesses  in  the  posterior  and  anterior  regions 
of  the  trunk  (for  there  can  be  little  doubt  that  the  apo¬ 
neuroses  of  the  oblique  and  transverse  muscles  are  the  result 
of  the  metamorphosis  of  the  fasciculi  of  these  muscles) 
large  sheets  of  tissue  composed  of  minute  glistening  tendons, 
he  contrasts  markedly  with  amphibians,  lizards,  and 
ophidians,  in  whom  these  aponeurotic  tracts  are  represented 
by  sheets  of  well-developed  muscle. 


CHAPTER  IV 


MIGRATION  OF  MUSCLES  IN  RELATION 

TO  LIGAMENTS 

Migration  of  a  muscle  may  be  defined  as  the  changing  of 
its  situation  by  alteration  of  its  attachments. 

The  following  examples  from  the  limbs  will  be  considered 
in  this  chapter  :  the  peroneus  longus  ;  the  adductor  magnus  ; 
the  extensor  longus  digitorum ;  the  extensor  brevis  digi- 
torum ;  the  deep  extensors  of  the  forearm ;  the  gastroc¬ 
nemius  ;  and  the  interossei. 

Every  student  engaged  in  dissecting  a  knee-joint  must 
have  had  his  attention  arrested  by  the  beautiful,  rounded, 
cord-like  condition  of  the  external  lateral  ligament.  The 
notion  of  it  being,  or  rather  that  at  some  time  it  had  been, 
the  tendon  of  a  muscle,  seems  irresistible,  and  this  suspicion 
is  strengthened  on  occasionally  finding  in  young  subjects 
a  synovial  sheath  investing  it.  The  ligament  really  repre¬ 
sents  a  former  origin  of  the  peroneus  longus  muscle  from 
the  femur.  In  the  opossum  and  the  ox  the  fibres  of  this 
muscle  arise  directly  from  the  ligament;  even  in  Man  the 
muscle  fibres  of  the  peroneus  longus  often  have  a  considerable 
origin  from  it.  In  a  gibbon  (Hylobates  leuciscus)  I  found 
the  tendon  of  the  peroneus  longus  arising  from  the  external 
condyle  of  the  femur,  and  replacing  the  ligament,  the 
tendon  having  no  attachment  to  the  head  of  the  fibula. 

The  tendon  of  the  adductor  magnus  muscle  terminates 
at  a  tubercle  on  the  internal  condyle  of  the  femur.  In 
young  subjects  the  fibres  of  the  tendon  may  be  traced  into 
the  internal  lateral  ligament  of  the  knee-joint.  In  two 
young  orangs  I  found  the  adductor  magnus  muscle  directly 
continuous  with  the  ligament. 

A  broad  study  of  the  relation  of  this  muscle  to  the  internal 
lateral  ligament  indicates  that  the  adductor  magnus  muscle 
was  originally  inserted  into  the  head  of  the  tibia. 
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The  Extensor  Longus  Digitorum  muscle  in  Man 
arises  from  the  fibula,  and  its  upper  fibres  take  origin  from 
the  external  tuberosity  of  the  tibia ;  in  many  mammals  it 
arises  from  the  external  condyle  of  the  femur,  e.  g.  hyrax, 
pig,  horse,  hare,  and  the  orang.  This  mode  of  origin  is 
common  in  birds  (Fig.  7). 

The  history  of  extensor  hrevis  digitorum  has  been  unravelled 
by  Ruge.  He  has  shown  that  in  Monotremata  it  belongs 


Fig.  7. — Knee-joint  of  an  ostrich,  showing  the  origin  of  the  long 
extensor  of  the  toes  from  the  femur.  E,  Tibialis  anticus. 


to  the  peroneal  group,  and  arises  entirely  from  the  fibula. 
Ascending  the  scale  of  mammalian  forms,  we  find  the  muscle 
passing  down  tendon  by  tendon  until  it  reaches  the  condition 
presented  in  the  foot  of  Man. 

The  koala  (or  native  bear,  as  it  is  called  in  New  Zealand) 
presents  an  intermediate  condition,  for  we  find  two  tendons 
on  the  dorsum  of  the  foot,  whilst  the  remainder  still  retain 
an  attachment  to  the  fibula. 

In  very  many  mammals,  and  even  quadrumana,  we  find 
two  muscles  arising  from  the  fibula,  and  gaining  the  dorsum 
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of  the  foot  by  passing  behind  the  external  malleolus.  They 
a  'e  known  as  the  peroneiis  quartus  and  peroneus  quinti 
digit!  muscles.  They  are  the  representatives  of  the  slips 
from  the  extensor  brevis  digitorum  muscle  to  the  fourth  toe 
and  the  peroneus  tertius  muscle. 

The  peroneus  tertius  muscle  is  regarded  as  a  muscle 
exclusively  human,  but  it  is  the  most  external  slip  of  the 
short  extensor  of  the  digits,  which  failed  to  migrate  when 
its  companions  passed  downwards  from  the  leg  to  the 
dorsum  of  the  foot. 

The  Deep  Extensors  of  the  Forearm. — The  posterior 
interosseous  nerve,  after  supplying  twigs  to  the  deep  layer 
of  muscles  on  the  extensor  aspect  of  the  forearm,  terminates 
in  a  collection  of  fibrous  tissue  on  the  dorsum  of  the  carpus. 
An  inquiry  into  this  singular  mode  of  termination  has  had 
the  effect  of  throwing  some  light  on  the  nature  of  the  tissue 
in  which  the  nerve  ends. 

When  the  extensor  muscles  of  Man’s  forearm  are  compared 
with  those  of  the  majority  of  quadrumana,  we  at  once 
observe  that  Man  is  distinguished  from  them  in  the  absence 
of  a  second  extensor  for  the  medius  and  annularis,  whereas 
most  monkeys  possess  a  complete  double  set  of  extensors 
for  their  fingers.  We  may  distinguish  the  muscles  in  question 
by  the  name  of  the  finger  to  which  each  belongs,  thus  : — 


Man. 

Ex.  secundus. 
,,  indicts. 


,,  minimus. 


Monlceys. 

Ex.  secundus. 
,,  indicis. 

,,  medius. 

,,  annularis. 
,,  minimus. 


The  deep  extensors  originally  arose  as  a  common  muscle 
from  the  external  condyle  of  the  humerus  and  adjacent 
parts  of  the  olecranon,  its  discrete  tendons  joining  those 
of  the  common  extensor ;  each  part  of  this  second  extensor 
muscle  had  a  small  belly,  but  a  long  tendon,  and  received  the 
nerve-supply  near  its  origin,  the  posterior  surface  of  the  ulna 
being  practically  unoccupied.  This  primitive  condition, 
which  may  be  studied  in  kangaroos  and  phalangers,  became 
disturbed  by  the  migration  of  the  extensor  secundi  internodii 
pollicis  from  the  condyle  to  the  ulna;  gradually  the  wdicis 
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followed,  and  acquired  a  new  attachment  to  the  ulna  below 
the  secundus ;  in  the  same  way  the  medius  and  annularis 
migrated  from  the  external  condyle  to  the  ulna  below  the 
indicis,  the  annularis  acquiring  an  attachment  below  the 
medius.  As  far  as  I  can  ascertain,  the  minimus  retains  its 
old  attachment  to  the  humeral  condyle  in  all  forms. 

In  Man  the  medius  and  annularis  are  not  normally  repre¬ 
sented,  but  when  they  appear  as  anomalous  muscles  they  are 
in  most  cases  attached  to  the  lower  end  of  the  ulna.  When 
these  two  muscles  are  not  functional,  a  band  of  fibrous 
tissue  may  be  often  detected  containing  numerous  strands 
of  tendon,  arising  from  the  lower  third  of  the  dorsal  surface 
of  the  ulna  below  the  extensor  indicis,  and  becoming  lost 
on  the  carpus.  In  one  case  I  traced  the  tendon  in  the 
fascia  until  it  was  lost  in  the  belly  of  the  extensor  minimus. 
This  fibrous  tissue  is  probably  the  degraded  representative 
of  the  medius  and  anmdaris  muscles ;  and  what  is  equally 
significant,  the  posterior  interosseous  nerve  ends  in  this 
tissue. 

If  Man  be  descended  from  ancestors  normally  supplied 
with  an  extensor  medius  and  an  extensor  anmdaris,  we  ought 
to  find  these  muscles  very  frequently  in  a  functional  con¬ 
dition,  and  more  so,  as  these  two  muscles  are  so  constantly 
represented  in  the  group  of  mammals  zoologically  so  closely 
allied  to  Man  as  are  apes.  This  is  actually  the  case,  for  the 
medius  and  annularis  muscles  are  recognised  as  common 
muscular  anomalies  in  anatomical  text-books.  In  some  cases 
these  muscles  are  only  represented  in  part,  usually  the  distal 
portion.  It  is  not  unusual  to  find  the  anomalous  muscle 
designated  extensor  hrevis  digitorum  manus. 

Briefly  summarised,  the  matter  stands  thus : — 

The  extensor  secundus,  indicis,  and  minimus  are  the  rem¬ 
nants  of  a  second  long  extensor,  which  originally  arose  from 
the  external  condyle  of  the  humerus  and  corresponding 
surface  of  the  olecranon.  The  extensor  minimus  maintains  its 
old  attachments,  the  remaining  slips  having  migrated  down 
the  ulna.  The  extensor  medius  and  annularis  slips  have  re¬ 
gressed  into  fibrous  tissue,  but  not  infrequently  they  appear 
as  functional  muscles.  As  these  muscles  migrated  from  the 
neighbourhood  of  the  elbow,  they  carried  with  them  the 
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branch  of  the  musculo-spiral  nerve  which  supplied  them ; 
this  subsequently  became  the  posterior  interosseous  nerve. 
Its  apparently  meaningless  termination  on  the  back  of  the 
carpus  is  probably  due  to  its  being  involved  in  the  regression 
of  the  inediiis  and  annular  is  muscles. 

The  extensor  'primi  internodii  pollicis  may  be  regarded  as 
a  segment  of  the  long  extensor,  which  has  been  supplanted 
by  the  extensor  secundus. 

The  Gastrocnemius. — In  the  hind-limb  of  the  horse,  a 
strong  ligament,  passing  from  the  posterior  surface  of  the 
calcaneum  to  the  cuboid  and  head  of  the  rudimentary 
external  metatarsal  bone,  may  be  readily  dissected.  This 
fibrous  band  is  known  as  the  calcaneo -metatarsal  ligament. 
Near  the  origin  of  this  ligament  from  the  calcaneum,  the 
tendo  Achillis  or  combined  insertion  of  the  gastrocnemius 
and  soleus  muscles  is  attached.  In  the  foetal  horse  and  foetal 
deer,  the  tendo  Achillis  and  the  calcaneo -metatarsal  ligament 
form  a  continuous  structure.  It  would  be  most  illogical 
to  urge  that  because  the  tendon  and  ligament  were  one 
structure  in  a  limb  so  peculiarly  modified  as  that  of  the 
horse,  the  same  source  of  the  ligament  could  be  maintained 
for  the  long  and  short  plantar  ligaments  of  Man’s  foot, 
unless  other  evidence  exists.  If  a  human  foetus,  even  as 
late  as  the  sixth  month  of  intra-uterine  life,  be  examined  by 
a  vertical  section  carried  through  the  tendo  Achillis,  cal¬ 
caneum  and  cuboid,  the  ligament  and  tendon  will  be  seen 
to  form  a  continuous  band,  and  the  attachment  of  the  tendon 
to  the  under-surface  of  the  calcaneum  is  of  the  loosest  kind. 
After  the  seventh  month  of  intra-uterine  life  the  tendon  is 
gradually  divided  by  extra  growth  occurring  at  the  posterior 
extremity  of  the  calcaneum,  the  inferior  portion  becoming 
the  long  and  short  plantar  ligaments,  the  other  gaining  a 
permanent  attachment  to  the  lower  border  of  the  calcaneum. 
If  in  the  adult  the  origin  of  the  muscles  composing  the  third 
layer  of  the  sole  of  the  foot  be  dissected,  they  will  be  found, 
with  the  exception  of  the  transversus  pedis,  to  be  thoroughly 
incorporated  with  the  plantar  ligaments.  When  the  corre¬ 
sponding  parts  are  dissected  in  the  foot  of  a  seal,  the  ana¬ 
tomist  will  quickly  come  to  the  conclusion  that  the  adductor 
hallucis,  flexor  brevis  hallucis,  flexor  minimi  digiti,  long 
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plantar  ligaments,  tendo  Achillis,  gastrocnemius,  and  soleus 
muscles,  have  been  derived  from  a  muscular  layer  which  in 
lower  primitive  forms  was  a  continuous  muscular  stratum. 

The  conclusion  is  inevitable  that  the  long  and  short 
plantar  ligaments  are  degenerated  muscular  tissue. 

The  Dorsal  Interossei. — Ruge  detected  the  remarkable 
change  of  position  which  these  muscles  undergo  in  the  foot. 
In  the  early  embryo  the  dorsal  interossei  are  plantar  in 
position  and  the  metatarsals  are  in  contact  with  each  other ; 
gradually  the  metatarsals  separate  and  the  interossei  make 
their  way  between  them,  eventually  appearing  on  the  do^^sum 
of  the  foot.  In  their  earliest  stage  these  muscles  possess  one 
head ;  it  is  only  in  their  new  position  that  they  become 
bipenniform. 

It  is  also  important  to  remember  that  the  varying  positions 
these  muscles  pass  through  indicate  stages  which  are 
permanent  in  lower  vertebrates.  Thus,  the  first  stage  is 
characteristic  of  the  majority  of  mammals,  and  may  be 
conveniently  studied  in  the  dog.  In  others,  the  second 
stage  is  represented;  whilst  the  third  stage  is  probably 
never  so  completely  attained  in  any  mammal  as  in  Man. 

Ruge,  G.,  Morph  Jahrhuch,  1878,  iv.,  592;  644. 


CHAPTER  V 


THE  LIGAMENTS  OF  THE  KNEE-JOINT 

The  general  relations  of  the  fibro- cartilages  of  the  knee- 
joint  in  Man  are  familiar  to  every  student  of  human  anatomy. 
It  must  sound  somewhat  startling  to  him,  however,  to  learn 
that  they  are  metamorphosed  muscles  and  tendons.  The 
history  of  the  mode  by  which  they  have  acquired  so  remark¬ 
able  a  position  is  replete  with  interest.  If  one  of  the  tailed 
batrachians  be  examined — and  Menohranchus  lateralis  will 
serve  as  an  excellent  example — we  shall  find  the  knee-joint 
deficient  in  crucial  ligaments  and  interarticular  fibro-carti- 
lages,  so  that  this  animal  forms  a  very  good  starting-point. 
On  looking  closely  into  the  myology  of  these  amphibians, 
a  curious  fact  at  once  becomes  evident ;  in  mammals,  and 
in  Man  especially,  the  muscles  destined  for  the  foot  take 
origin,  with  very  few  exceptions,  from  the  tibia  and  fibula ; 
in  amphibians  they  arise  almost  exclusively  from  the  femur. 
This  is  significant,  and  clearly  indicates  that  it  is  in  the  forms 
filling  up  the  gap  between  tailed  batrachians  and  the  lowest 
mammals  that  we  must  seek  an  explanation  of  the  change. 

In  our  first  ascensive  step  we  are  encountered  by  the 
frogs,  who  startle  us  with  the  richness  of  the  musculature  of 
their  limbs,  for  in  many  respects  myological  differentiation 
in  them  surpasses  that  of  Man.  On  examining  the  knee- 
joint  of  a  frog,  it  will  be  found  to  possess  interarticular 
fibro-cartilages  and  crucial  ligaments,  but  these  structures 
differ  in  a  very  important  manner  from  those  of  mammals. 

In  the  first  place,  the  interarticular  fibro-cartilages  are 
directly  continuous  with  the  tendons  of  muscles.  The  inner 
fibro -cartilage  is  in  direct  continuity  with  a  muscular  mass 
corresponding  to  the  semimembranosus ;  this  muscle  is 
usually  described  as  being  inserted  into  the  back  of  the 
tibia,  but  the  main  mass  will  be  found  inseparably  associated 
with  the  fibro -cartilage.  The  external  fibro-cartilage  is  not 
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well  formed,  and  seems  rather  to  be  a  continuation  of  the 
inner  one  than  as  representing  a  discrete  element  of  the 
knee-joint,  such  as  we  find  in  higher  forms. 

The  question  at  once  suggests  itself,  why  should  so  much 
difference  prevail  in  the  anatomy  of  this  joint  in  animals 
so  closely  related  as  the  tailed  and  tailless  batrachians  ? 

Gadow  explains  matters  thus :  We  must  remember 

that  the  change  of  an  aquatic  animal,  which  used  its  limbs 
simply  like  paddles,  into  a  semi-aquatic  and  partly  terres¬ 
trial,  and  therefore  crawling,  creeping  and  running  creature, 
involved  a  complete  change  of  its  muscles,  and  at  a  later 
period  of  the  bony  framework.  In  swimming  animals,  such 
as  ceratodus  and  menobranchus,  the  longitudinal  axis  of  the 
whole  limb  is  nearly  straight,  whilst  a  terrestrial  life  neces¬ 
sitates  the  bending  of  a  limb  at  several  angles,  and  the 
development  of  more  or  less  complicated  joints.” 

It  is  this  flexion  which  explains  how  tendons,  outside  the 
joints,  in  animals  whose  limbs  are  nearly  straight  get  drawn 
into  them  when  the  limbs  are  acutely  bent. 

When  the  leg  is  extended,  the  anterior  surfaces  of  the 
femur  and  tibia  are  in  the  same  plane ;  when  the  leg  is  flexed, 
the  broad  upper  extremity  of  the  tibia  is  brought  into 
contact  with  the  distal  part  of  the  posterior  surface  of  the 
femoral  shaft,  and  immediately  in  relation  with  the  tendons 
of  origin  of  the  muscles  destined  for  the  foot,  and  in  many 
cases  with  muscular  tissue. 

Therefore  in  menobranchus,  the  axis  of  whose  hind-limb 
is  nearly  straight,  the  tendons  are  excluded  from  the  joint, 
and  arise  from  the  femur.  In  the  frogs,  whose  limbs  are 
flexed,  the  tendons  of  origin  of  many  of  the  leg  muscles 
intruding  upon  the  joint  get  drawn  between  the  opposed 
surfaces  of  the  tibia  and  femur,  constituting  fibro-cartilages, 
crucial,  or  lateral  ligaments,  as  the  case  may  be. 

The  lizards  furnish  the  strongest  possible  evidence  that 
the  inter  articular  fibro-cartilages  arise  in  this  way.  The 
iguana  may  be  selected  as  a  type.  In  its  thigh  there  is  a 
remarkable  muscle  known  as  the  femoro-caudal  (Fig.  8). 
It  is  a  big  muscle  arising  from  the  infero-lateral  aspect  of  the 
caudal  vertebrae  and  is  inserted  by  a  large,  broad,  and  strong 
tendon  into  the  base  of  the  trochanter  ou  its  extensor  aspect. 
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A  little  space  before  its  insertion  the  muscle  gives  off,  at 
right  angles  to  its  lower  border,  a  long,  thin,  and  delicate 
tendon,  which  passes  down  the  thigh,  on  the  inner  side  of 
the  great  sciatic  nerve,  to  the  popliteal  region,  where  it 
passes  between  the  fibula  and  tibia  to  blend  with  the  outer 
part  of  the  interarticular  fibro-cartilage  of  the  knee-joint. 

This  would  seem  to  show  that  in  lizards,  at  least,  the 
interarticular  cartilages  are  the  modified  tendons  of  muscles 
which  have  become  interarticular  during  the  modifications 
the  joint  has  passed  through  in  its 
evolution. 

An  extended  survey  of  the  relation 
of  these  parts  in  animals  from  the 
lizards  onward  to  Man,  leaves  little 
doubt  that  the  fibre -cartilages  in  the 
human  knee-joint  are  survivals  of  the 
distal  termination  of  the  femoro-caudal 
and  associated  muscles. 

It  is  fairly  conclusive  that  the 
muscles  in  the  region  of  the  knee-joint 
have  been  affected  by  very  consider¬ 
able  disturbance.  For  example,  in 
primitive  forms,  like  lepidosiren,  the 
muscular  layers  pass  from  the  trunk 
and  invest  the  limbs  without  any 
transverse  segmentation  occurring.  In 
frogs,  lizards,  and  crocodiles,  a  gap  occurs  in  the  muscular 
sheet,  the  proximal  segments  attaching  themselves  to  the 
tibia,  the  distal  muscles  arising  from  the  lower  end  of  the 
femur.  In  this  way  the  quadriceps  extensor,  sartorius, 
gracilis,  the  hamstring  group,  and  the  adductor  magnus, 
become  inserted  into  the  tibia ;  whilst  the  extensors  and 
flexors  of  the  digits,  the  peroneal  group,  gastrocnemius, 
plantaris,  tibialis  anticus  and  posticus,  arise  from  the  femur. 

Many  of  the  muscles,  such  as  the  adductor  magnus,  have 
shifted  their  insertion  from  the  tibia  and  formed  new 
attachments  to  the  femur.  On  the  other  hand,  many  have 
left  their  acquired  origin  from  the  femur  and  descended  to 
new  attachments  on  the  tibia  and  fibula  (migration).  Hence, 
it  is  necessary  to  decide  whether  a  given  ligament  of  the 


Fig.  8. — The  femur  of  an 
iguana,  f,  The  femoro- 
caudal  muscle ;  x,  its 
tendon. 
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knee-joint  had  its  origin  from  one  of  the  thigh  muscles 
shitting  its  insertion,  or  a  leg  muscle  migrating  to  the  tibia 
or  fibula  from  the  femur. 

Both  these  processes  have  been  in  operation,  and  in 
Chapter  IV  evidence  was  adduced  to  support  the  view  that 
the  external  lateral  ligament  was  originally  the  tendon  of 
the  peroneus  longus,  which  muscle  migrated  from  the  femur 
to  the  fibula ;  whilst  the  internal  lateral  ligament  results 
from  the  adductor  magnus  muscle  withdrawing  its  point  of 
insertion  from  the  tibia  to  the  femur.  Keith,  who  has 
investigated  the  origin  and  nature  of  these  ligaments,  points 
out  that  the  crucials  are  directly  continuous  with  the 
posterior  part  of  the  capsule,  and  he  thinks  they  came  to 
occupy  a  position  within  the  joint  as  the  femoral  condyles 
grew  backwards. 

The  complicated  arrangement  of  the  synovial  membrane 
of  the  knee-joint  is  associated  with  these  evolutionary 
changes.  In  the  beaver  the  synovial  pouches  of  the  knee- 
joint  are  disposed  in  this  fashion :  There  is  a  distinct 
synovial  pouch  for  the  patella  and  the  patellar  surface  of 
the  femur.  The  cavity  for  the  articular  surfaces  of  the 
femur  and  tibia  is  divided  into  two  parts  by  the  crucial 
ligaments  and  a  septum  of  connective  tissue,  thus  making 
three  synovial  membranes  in  all,  one  for  the  patella,  and 
one  for  each  femoral  condyle  and  the  corresponding  articular 
surface  on  the  head  of  the  tibia. 

In  Man,  however,  this  septum  disappears,  save  a  few  strong 
fibres  in  the  middle  line,  which  pass  from  the  lower  border 
of  the  patella  to  the  intercondyloid  notch  immediately  below 
the  patellar  facet.  This  band  of  tissue,  with  its  lateral 
fringes,  adipose  and  fibrous  in  structure,  is  denominated 
in  human  anatomy  the  ligamentum  mucosum  and  the 
ligamenta  alaria.  In  reality  they  are  simply  vestiges  of 
the  sac  wall  of  the  bursa,  originally  developed  between  the 
patella  and  the  femoral  condyles. 

Examine  a  human  foetus  at  the  third  month,  by  dividing 
the  knee-joint  vertically ;  the  synovial  membrane  will  be 
found  arranged  as  follows  :  The  proper  cavity  ends  on  a 
level  with  the  upper  border  of  the  articular  cartilage  of  the 
femur.  Immediately  above  this,  and  lying  behind  the 
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quadriceps  extensor  muscle,  is  a  large  bursa,  whose  sac 
communicates  with  that  of  the  knee-joint  proper  by  a  small 
opening  in  its  lower  part.  After  birth,  however,  the 
diaphragm  between  the  two  cavities  quickly  disappears; 
the  synovial  membrane  of  the  joint  and  the  bursa  blend  to 
form  a  common  cavity.  Thus  it  follows  that  the  large 
cul-de-sac  of  synovial  membrane  extending  under  the 
extensor  muscles  of  the  thigh  is  due  to  secondary  causes; 
it  has  also  been  shown  that  this  has  occurred  in  connection 
with  the  patella,  so  that  the  knee-joint,  as  seen  in  Man,  is 
made  up  of  its  own  synovial  membrane  reinforced  by  two 
very  considerable  bursa?. 

Viewed  in  full  light,  the  evolution  of  the  structures  con¬ 
cerned  in  Man’s  knee-joint  may  be  considered  as  resulting 
from  the  changes  produced  by  the  metamorphosis,  regression, 
and  migration  of  muscles  to  provide  it  with  ligaments  and 
interarticular  fibro-cartilages,  and,  lastly,  the  annexation 
of  bursse  to  extend  the  dimensions  of  its  synovial  territory. 


CHAPTER  VI 


SLINGS  AND  PULLEYS 

A  MUSCLE  may  have  the  direction  of  its  power  changed 
when  the  tendon  is  deflected  at  an  angle  to  its  belly  by 
threading  a  sling.  In  many  instances  a  deflected  tendon 
plays  over  a  smooth  surface  on  a  bone  and  becomes  a  pulley. 
The  limbs  of  birds  and  beasts  contain  as  many  slings  and 
pulleys  as  sailing-boats. 

Man’s  obturator  internus  muscle  offers  a  good  example  of 
a  pulley;  its  tendinous  ridges  play  in  smooth,  moistened 
grooves  on  the  bony  border  of  the  small  sciatic  notch,  and 
the  twin  muscles — the  gemelli-  flank  it  like  supporters  on 
an  escutcheon.  The  dry  description  in  a  dissecting-room 
manual  is  in  striking  contrast  to  the  curiosity  aroused  in  the 
student’s  mind  when  he  unfolds  for  himself,  and  examines, 
this  curious  example  of  muscular  mechanism. 

The  most  complex  pulleys  in  Man  are  in  his  foot.  Among 
Primates  the  foot  forms  a  right  angle  with  the  leg,  and 
several  tendons  passing  from  the  leg  into  the  sole,  after 
running  through  long  fibrous  tunnels,  appear  in  the  sole  at 
right  angles  to  their  former  course.  The  long  peroneal 
muscle  is  a  marked  example,  and  as  it  runs  in  the  groove 
on  the  under-surface  of  the  cuboid,  its  movements  are 
facilitated  by  a  moist  and  slippery  facet.  The  tendinous 
portion  of  the  long  flexor  of  the  toes  is  more  remarkable, 
it  splits  into  four ;  one  tendon  each  for  the  four  outer 
toes,  but  it  receives  the  fibres  of  a  remarkable  muscle 
called  accessorius.  This  muscle  arises  from  the  under¬ 
surface  of  the  calcaneum,  strides  the  long  plantar  ligament 
with  two  legs,  and  ends  in  tendinous  slips  which  join  the 
upper  surface  of  the  long  flexor  of  the  toes.  Slips  from  the 
accessorius  can  be  easily  traced  into  the  tendons  destined 
to  third,  fourth,  and  fifth  toes.  The  accessorius  assists  the 
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long  flexor  to  bend  the  toes,  and  each  slip  can  act 
independently  on  the  toe  to  which  it  is  distributed. 

The  accessorius  is  a  curious  example  of  a  muscle  inserted 


Fig.  9. — The  feet  of  a  monkey,  Macacus  rhesus,  showing  the  sling 
ligament  for  the  tendon  of  the  long  extensor  of  the  toes. 

into  the  tendon  of  an  alien  muscle,  modifying  and  individual¬ 
ising  its  action. 

The  anterior  annular  ligament  of  Man’s  ankle  contains  a 
sling  traversed  by  the  tendons  of  the  long  extensor  of  the 
toes  and  the  peroneus  tertius  muscles.  The  loop  is  attached 
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to  the  calcaneum  at  the  outer  end  of  the  deep  groove  that 
lodges  the  interosseous  ligament  binding  the  astragalus  to 
tlie  calcaneum.  The  short  extensor  arises  partly  from  the 
shng  ligament.  The  relationship  of  this  sling  is  best  seen 
when  the  parts  are  dissected  in  a  monkey  (Fig.  9). 

No  one  who  has  dissected  this  sling  in  a  mon^  can  fail 
to  be  interested  in  it.  Barclay-Smith  in  1896  gave  some 
attention  to  this  loop,  which  Retzius  described  in  1841 
under  the  name  of  lig amentum  fundiforme  tarsi.  Like 
Retzius,  I  was  struck  b}^  its  likeness  to  the  biceps  sling  of 
birds.  The  peroneal  tendons  in  monkeys  are  furnished 
with  a  double  loop.  The  inner  one  transmits  the  peroneus 

brevis  and  the  thin,  delicate 
tendon  of  the  peroneus  tertius. 
The  outer  compartment  is  oc¬ 
cupied  by  the  peroneus  longus. 
The  tibialis  anticus  tendon  is 
encircled  by  a  thick  loop ;  the 
outer  end  is  attached  to  the 
external  malleolus,  and  the  super¬ 
ficial  portion  of  the  loop  forms 
the  superior  annular  ligament  with 
an  attachment  to  the  tibia,  but  a 
firm  narrow  band  dips  beneath 
the  tendon  and  is  attached  to  the 
outer  surface  of  the  calcaneum  near  the  inner  loop  of  the 
sling  ligament.  In  the  sole,  a  narrow  fibrous  ring  passes 
round  the  long  flexor  of  the  hallux,  and  its  ends  are  attached 
to  the  base  of  the  first  metatarsal. 

The  sling  that  retains  the  middle  tendon  of  the  digastric 
muscle  to  the  hyoid  bone,  and  the  pulley  of  the  superior 
oblique  in  the  orbit  of  Man  are  well  known.  The  muscular 
system  of  birds  is  rich  in  slings.  A  neat  example  is  con¬ 
nected  with  the  latissimus  dor  si  muscle  of  penguins.  In 
these  quaint  birds  the  latissimus  consists  of  two  parts,  each 
ending  in  a  tendon ;  both  tendons  are  slung  to  the  neck  of 
the  scapula  (Fig.  10).  I  examined  the  sling  in  a  Black¬ 
footed  Penguin  and  came  to  the  conclusion  that  it  was 
probably  derived  from  the  fibres  of  the  deltoid  mus(4e. 


Fig.  10. — I’ho  scapular  sling  for 
the  latissimus  dorsi  muscle  of 
a  rock-hopper  (M.  Watson). 
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The  Biceps  Sling  in  Birds 

I^et  any  one  take  the  trouble  to  dissect  the  thigh  of  a 
fowl  from  the  outer  side,  then  an  interesting  arrangement  of 
myological  structures  will  reward  his  labour,  but  that  to 
which  special  attention  should  be  directed  is  the  singular 


Fig.  11. — Thigh  of  a  fowl  dissected  to  show  the  biceps  sling. 

loop  or  sling  transmitting  the  tendon  of  the  biceps  muscle. 
The  sling  is  peculiar  to  birds  and  wanting  in  few.  On  re¬ 
flecting  the  skin,  the  most  superflcial  muscle  is  the  tensor 
fasciae,  or  gluteus  primus  of  some  anatomists.  The  removal 
of  this  muscle  exposes  the  biceps,  which  has  the  following 
attachments  :  Arising  from  the  upper  three-fourths  of  the 
post-acetabular  ridge,  it  lies  in  the  thigh  overlapped  by  the 
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tensor  fasciae ;  its  fibres  converge  to  form  a  rounded  tendon 
which,  near  the  knee,  is  bent  sharply  downwards  by  passing 
through  a  tendinous  sling ;  it  is  attached  nearly  half-way 
down  the  leg  to  a  bony  prominence  on  the  outer  side  of  the 
fibula.  The  tendon  is  accompanied  through  the  loop  by  a 


Fig.  12.— The  same  thigh  further  dissected  to  show  the  complete 
sling,  and  the  insertion  of  the  biceps.  The  terminal  tendon  of 
the  ambiens  is  also  shown. 

branch  of  the  great  sciatic  nerve  (Figs.  11  and  12).  Both 
ends  of  the  sling  are  attached  to  the  outer  side  of  the  femur 
above  the  condyle ;  the  inner  limb  is  free,  but  the  outer 
gives  origin  to  fibres  of  the  gastrocnemius  muscle. 

The  connections  of  this  sling  vary  much  among  birds. 
In  some  it  is  quite  distinct  from  the  gastrocnemius,  and  in 
others  it  is  greatly  modified.  In  the  rhea,  emu,  toucan,  and 
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other  birds,  the  inner  limb  of  the  sling  is  a  strong  tendon, 
but  the  outer  limb  is  formed  by  muscular  and  tendinous 
fibres  of  the  gastrocnemius  arising  from  the  external  condyle 
of  the  femur.  Thus  one-half  of  the  loop  is  tendinous  and 
the  other  muscular,  an  arrangement  which  clearly  indicates 
that  this  singular  sling  is  derived  from  the  metamorphosis 
of  muscular  tissue,  and  a  careful  study  of  the  muscles  in 
the  legs  of  lizards  further  supports  this  view. 

A  perfect  muscular  sling  is  found  in  the  orbit  of  birds. 
It  is  associated  with  the  pyramidalis  muscle,  or  nictitator, 
that  works  the  third  eyelid,  or  nictitating  membrane 
(Chap.  XIII). 

The  biceps  femoris  in  the  hind-limb  of  birds  has  not 
the  same  anatomical  relationship  as  the  muscle  called  biceps 
in  the  thigh  of  mammals,  and  there  is  little  utility  in  dis¬ 
cussing  the  morphology  of  the  avian  biceps  with  that  of 
Man.  There  are  some  facts  in  relation  with  the  mammalian 
biceps  worth  consideration  in  relation  to  ligaments  and 
fascia. 

In  Man  the  biceps  femoris  arises  from  the  tuberosity  of 
the  ischium,  but  when  its  tendon  of  origin  is  carefully 
dissected  it  can  be  traced  into  the  great  sacro  sciatic  liga¬ 
ment.  By  pulling  on  the  hamstring  muscles,  and  especially 
the  biceps,  the  coccyx  may  be  made  to  move  on  the  sacrum 
(H.  Morris).  The  great  sacrosciatic  ligament  may  not 
unfairly  be  described  as  a  tendinous  expansion  of  these 
muscles. 

Webber  found,  in  a  subject  dissected  at  Guy’s  Hospital, 
a  sesamoid  in  the  tendon  of  the  biceps,  and  this  tendon, 
which  was  directly  continuous  with  the  great  sacrosciatic 
ligament,  glided  over,  but  had  no  attachment  to,  the  isclual 
tuberosity.  The  anomaly  was  bilateral. 

The  conclusion  is  irresistible  that  the  great  sacrosciatic 
ligament  is  the  divorced  tendon  of  the  biceps  femoris  muscle. 

The  insertion  of  Man’s  biceps  femoris  is  as  interesting  as 
its  origin.  In  a  fresh  limb,  if  the  insertion  be  carefully 
traced,  the  fibres  will  be  found  spreading  into  a  broad 
aponeurotic  expansion  covering  the  outer  side  of  the  leg. 
In  some  animals,  such  as  the  agouti,  the  muscle  combines 
with  the  gluteus  maximus  to  form  an  almost  continuous 
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sheet  of  muscle  extending  from  the  pelvis  and  outer  side  of 
the  limb  to  the  ankle.  In  the  rhinoceros,  the  biceps,  after 
being  inserted  into  the  fibula,  is  prolonged  by  means  of  an 
enormously  thick  and  broad  tendon  to  the  ankle.  These 
tendinous  extensions  indicate  that  the  biceps,  in  Man’s 
mammalian  ancestor,  was  a  continuous  sheet  of  muscle 
extending  from  the  pelvis  to  the  foot.  The  nerve  that 
supplied  the  extension  below  the  knee  lies  in  part  of  its 
course  beneath  the  fascia,  and  in  part  superficial  to  it.  It 
is  the  musculo-cutaneous  nerve. 

The  Glenohumeral  Ligament 

This  ligament,  in  Man’s  shoulder- joint,  is  usually  described 
as  an  accessory  band  springing  from  the  edge  of  the  glenoid 
fossa  at  the  root  of  the  coracoid  process  and  passing  down¬ 
wards  to  the  lesser  tuberosity  of  the  humerus.  It  runs 
more  or  less  parallel  with  the  long  tendon  of  the  biceps,  and 
usually  bulges  into  the  joint  separated  from  it  by  the 
synovial  membrane.  Occasionally,  the  ligament  is  com¬ 
pletely  surrounded  by  synovial  membrane,  and  is  as  promi¬ 
nent  in  the  joint  as  the  biceps  tendon ;  indeed,  it  exists  as 
a  veritable  ligamentum  teres,  a  condition  more  common  in 
foetuses  than  adults.  The  glenohumeral  ligament  is  well 
defined  in  a  large  number  of  mammals,  and  attains  its 
maximum  development  in  the  beaver  (Fig.  13).  After 
discovering  this  ligament  in  the  beaver,  I  dissected  the 
shoulder- joints  of  a  large  number  of  mammals,  in  order  to 
ascertain  its  zoological  distribution.  The  glenohumeral 
ligament  is  present  in  rodents,  and  proportionately  as  well 
developed  as  in  the  beaver.  In  some  it  is  very  large,  and 
occupies  a  groove  in  the  cartilage  covering  the  head  of  the 
humerus.  The  ligament  is  present  in  many  monkeys  and 
lemurs ;  in  insectivorous  mammals ;  and  some  opossums. 

The  gleno-humeral  ligament  is  absent  in  apes  (gorilla, 
chimpanzee,  orang,  and  gibbon),  carnivora,  ungulata, 
chiroptera,  edentata,  the  majority  of  marsupials  and 
monotremes. 

In  order  to  appreciate  the  morphology  of  the  gleno¬ 
humeral  ligament  it  is  useful  to  consider  the  anatomy  of 
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an  unattractive  and  insignificant  muscle  lying  under  Man’s 
clavicle  called,  from  its  position,  the  subclavius.  This 
muscle  arises  from  the  first  costal  cartilage,  close  to  the 
rhomboid  ligament.  The  fibres  pass  outwards  in  a  pris¬ 
matic  manner,  to  end  in  a  groove  on  the  under-surface  of  the 
clavicle.  The  muscle  is  ensheathed  by  the  costocoracoid 
membrane.  There  are  some  variations  in  its  mode  of 
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Fig.  13. — Shoulder- joint  of  a  beaver,  showing  the  glenohumeral 
ligament  and  its  relation  to  the  tendon  of  the  biceps. 


insertion  :  it  may  be  inserted  into  the  base  of  th^  coracoid 
process  partially  or  entirely.  In  one  known  example  the 
subclavius  was  inserted  into  the  coracoid  process,  and  a 
tendinous  expansion  passed  thence  to  the  capsule  of  the 
shoulder-joint.  Between  the  tendon  and  the  coracoid  a 
bursa  existed  (Walsham).  These  facts  suggest  that  the 
glenohumeral  ligament  is  the  divorced  tendon  of  the 
subclavius.  An  examination  of  other  vertebrates  supports 
this  opinion. 
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Leaving  Man  and  descending  to  amphibia,  we  find  in  the 
Japanese  salamander’s  shoulder  a  very  distinct  muscle 
having  attachments  as  follows  :  It  arises  from  the  ventral 
surface  of  the  precoracoid  cartilage  and  is  inserted  into  the 
head  of  the  humerus  between  the  deltoid,  pectoralis  major, 
and  supraspinatus  muscles.  This  muscle  is  often  called 
the  epicoraco-hiimeml.  Mivart  made  a -careful  study  of 
this  muscle  and  identified  it  as  the  subclavius. 

In  birds  a  muscle  arises  from  the  keel  and  median  portions 
of  the  body  of  the  sternum  as  a  broad  flat  sheet,  ending  in  a 
strong  tendon  that  traverses  a  foramen,  formed  by  the  union 
of  scapula,  coracoid,  and  clavicle,  to  be  inserted  into  the 
head  of  the  humerus.  This  tendon,  after  threading  the 
foramen  triosseum,  lies  within  the  capsule  of  the  shoulder- 
joint.  The  muscle  enjoys  a  variety  of  names — pectoralis 
secundus,  levator  humeri,  and  subclavius.  Professor  Rolleston 
(1868)  proved  that  this  muscle,  whose  main  function  con¬ 
sists  in  raising  the  wing,  is  homologous  mth  the  mammalian 
subclavius. 

My  reasons  for  regarding  the  glenohumeral  ligament  as 
the  divorced  tendon  of  the  subclavius  muscle  are  these  : 
All  amphibians  which  possess  a  well- developed  subclavius 
(epicoraco-humeral)  lack  a  glenohumeral  ligament.  In 
birds  the  subclavius  attains  its  maximum,  and  the  tendon 
passes  through  the  shoulder- joint  to  be  inserted  into  the 
head  of  the  humerus;  no  glenohumeral  is  present.  In 
mammals  the  subclavius  is  very  constant,  and  the  gleno¬ 
humeral  ligament  is  present  in  a  very  large  number  of  them. 
When  not  represented  as  a  free  ligament,  it  may  be  detected 
blended  with  the  capsule  of  the  joint  lying  between  it  and 
the  synovial  membrane. 

The  history  of  the  subclavius  is  instructive.  In  the 
salamander  it  is  a  muscle  arising  from  the  precoracoid,  and, 
at  its  insertion,  covering  the  head  of  the  humerus,  being 
muscular  throughout.  Next  we  see  it  luxuriating  in  full 
perfection  in  flying  birds,  its  distal  end  changed  into  tendon, 
performing  the  laborious  and  important  function  of  raising 
the  wing.  Lastly,  in  Man  it  becomes  reduced  to  the  con¬ 
dition  of  a  second-rate  muscle  under  the  clavicle,  and 
representing  in  its  retirement  the  middle  portion  of  the  bird’s 
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levator  humeri,  whilst  its  outer  end  is  a  small,  and,  so  far 
as  function  is  concerned,  insignificant  band  known  as  the 
glenohumeral  ligament.  Occasionally  in  Man  the  muscle 
is  represented  entirely  by  fibrous  tissue  {see  p.  10). 

The  Coracohumeral  Ligament 

In  the  capsule  of  Man’s  shoulder- joint  there  is  a  strong 
wide  band  of  fibrous  tissue  passing  from  the  root  and  outer 
border  of  the  coracoid  process  to  the  neck  of  the  humerus 
above  the  great  tuberosity.  It  is  usual  for  the  pectoralis 
minor  muscle  to  be  inserted  into  the  upper  surface  of  the 
coracoid  process  near  its  outer  border ;  a  bursa  sometimes 
intervenes  between  the  tendon  and  the  bone.  It  happens 
frequently  that  the  tendon  glides  over  the  coracoid  process 
to  be  inserted  into  the  great  tuberosity  of  the  humerus. 
In  many  monkeys  this  is  a  normal  condition.  This  led 
some  anatomists  to  regard  the  glenohumeral  ligament  as 
the  tendon  of  the  pectoralis  minor.  That  is  unlikely.  The 
tendon  of  the  pectoralis  minor  lies  outside  the  capsule, 
whereas  the  glenohumeral  ligament  is  within  the  joint. 

The  relation  of  the  pectoralis  minor  to  the  capsule  in  Man 
and  monkeys  suggests  that  the  coracohumeral  ligament  is 
the  terminal  portion  of  that  muscle  changed  into  ligament. 
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THE  PECTORAL  GIRDLE 

The  pectoral  girdle  is  that  part  of  the  skeleton  by  means 
of  which  the  upper  limbs  are  attached  to  the  trunk.  The 
component  parts  of  this  girdle  consist  of  clavicles,  scapulae, 
and  the  ligaments  connecting  them  to  the  sternum.  In 
Primates,  as  compared  with  the  Monotremata,  birds,  reptiles, 
and  amphibia,  there  are  remarkable  differences.  The  origin 
of  many  of  the  ligaments  on  the  ventral  aspect  of  the  pectoral 
girdle  is  so  involved  in  the  ontogeny  of  the  various  bones, 
and  their  cartilaginous  precursors,  that  it  is  necessary  to 
epitomise  the  development  of  the  scapula  and  clavicle,  as 
well  as  the  general  features  of  the  cartilaginous  girdle. 

Each  half  of  the  cartilaginous  pectoral  girdle  consists  of  a 
dorsal  and  a  ventral  segment.  The  dorsal  portion  is  repre¬ 
sented  by  the  scapula.  The  ventral  half  consists  of  two  bars ; 
of  these,  the  anterior  is  called  the  precoracoid  and  the 
posterior  the  coracoid.  The  coracoid  and  scapula  at  their 
junction  form  a  cavity,  the  glenoid  fossa,  which  receives  the 
head  of  the  humerus.  As  a  rule  the  precoracoid  is  excluded 
from  the  glenoid  fossa.  The  coracoid  and  precoracoid  meet 
at  the  sternum,  and  here  they  are  joined  by  a  cartilage  termed 
the  epicoracoid.  The  relationship  of  the  parts  is  shown 
in  the  right  half  of  the  shoulder-girdle  of  an  ostrich  chick 
(Fig.  14). 

From  such  a  shoulder -girdle  may  be  derived  any  form, 
from  reptiles  to  Primates,  by  the  two  processes  of  addition 
and  suppression,  the  suppressed  parts  being  usually  repre¬ 
sented  by  fibrous  tissue. 

From  the  type  form  Man’s  primitive  pectoral  arch  differs 
only  in  this  particular,  that  the  continuity  of  the  coracoid 
and  precoracoid  bars  is  interrupted.  The  defect  in  the  pre¬ 
coracoid  is  due  to  the  intrusion  of  the  clavicle  as  a  secondary 
element  in  the  arch.  In  the  case  of  the  coracoid  it  is  a 
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consequence  of  partial  suppression.  The  clavicle  is  the 
first  bone  in  the  skeleton  to  ossify.  It  commences  about  the 
sixth  week  of  intra-uterinelife  by  a  deposition  of  ossific  matter 
at  a  spot  corresponding  to  the  middle  of  the  shaft  of  the 
clavicle.  It  maj^  be  detected  before  the  formation  of  the 
precoracoid  cartilage,  consequently  it  must  be  regarded  as 
a  membrane  bone.  Later,  the  extremities  of  the  clavicle 
invade  the  cartilage  and  serve  as  an  example  of  a  bone 
originally  arising  in  membrane  becoming  secondarily 
engrafted  on  cartilage  and  assuming  a  composite  character. 
The  clavicle  is  completed  by  an  additional  ossification  at 
the  sternal  end.  The  nucleus  is  usually  detected  about  the 
eighteenth  year,  and  unites 
with  the  shaft  at  the  age 
of  twenty-two. 

The  interarticular  fibro- 
cartilage  at  the  sternal  and 
acromial  ends  of  the  clavicle 
arises  from  the  regression 
of  the  inner  and  outer 
extremities  respectively  of 
the  cartilaginous  precoracoid.  The  nodules  of  bone,  known 
as  episternal,  occasionally  present  on  the  upper  border  of 
the  sternum  are  probably  developed  in  remnants  of  the 
precoracoid  bar. 

The  scapula  is  preformed  in  cartilage.  The  primary 
centre  appears  about  the  third  month  of  intra-uterine  life 
near  the  base  of  the  spine,  and  quickly  extends  itself  through¬ 
out  the  cartilage,  so  that  at  birth  there  is  only  a  thin  strip 
of  cartilage  along  the  vertebral  border ;  the  glenoid  fossa, 
the  coracoid  and  acromion  processes  are  unossified.  In  the 
first  year  a  nucleus  appears  for  the  coracoid,  and  from  this 
centre  ossific  matter  extends  into  the  glenoid  fossa,  and  as 
far  backwards  as  the  notch  in  the  upper  border  of  the  scapula  ; 
ossification  only  extends  a  short  way.  into  the  coracoid  bar, 
the  chief  portion  being  represented  by  the  costo-coracoid 
ligament.  During  the  fifteenth  year  the  coracoid  becomes 
ankyiosed  to  the  scapula,  and  ossific  nuclei  appear  for  the 
acromion;  the  suprascapular  cartilage  ossifies  from  two 
centres,  one  opposite  the  spine,  the  other  at  the  inferior 


Fig.  14. — Right  shoulder-girdle  of  an 
ostrieh  chick,  s,  Scapula ;  p,  Precora¬ 
coid;  c,  Coracoid;  G,  Glenoid  fossa; 
E,  Epicoracoid. 
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angle.  A  lamina  is  added  later  to  the  glenoid  fossa,  and 
by  the  twenty-fifth  year  the  ossification  of  the  scapula  is 
complete. 

The  most  remarkable  feature  in  the  development  of  this 
bone  is  the  early  a23pearance  of  the  coracoid  centre  and  the 
long  persistence  of  the  strip  of  cartilage  at  the  vertebral 
border.  With  regard  to  the  coracoid,  many  look  upon  its 
nucleus  as  a  primary  one ;  even  then  it  does  not  follow  the 
usual  course  of  events,  for  its  appearance  is  late,  so  that  con¬ 
sidering  it  from  either  point  of  view^  its  development  is 


I 

Fig.  15. — The  shoulder-girdle  of  Ornithorhynchus.  s,  Scapula ; 
c,  Coracoid ;  e,  Epicoracoid ;  x,  the  interclavicle  and  clavicles. 

anomalous  and  suggestive.  This  opinion  is  confirmed  when 
the  part  is  studied  morphologically.  The  strip  of  cartilage 
along  the  vertebral  border  of  Man’s  scapula  represents  the 
suprascapular  cartilage,  which  in  frogs  persists  throughout 
life,  merely  becoming  impregnated  with  lime  salts. 

An  additional  element,  the  inter  clavicle,  exists  in  the 
shoulder-girdle  of  Ornithorhynchus  as  a  T-shaped  bone  at 
the  anterior  end  of  the  sternum,  its  arms  supporting  the 
clavicles  (Fig.  15).  The  coracoid  of  this  strange  beast 
imitates  that  of  birds  and  reaches  the  sternum,  and  in  this 
respect  monotremes  are  unique  among  mammals.  The 
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interclavicle  is  represented  in  Man’s  pectoral  girdle  by  the 
interclavicular  ligament,  which,  in  the  bald  terms  of  human 
anatomy,  is  described  as  a  band  of  dense  fibrous  tissue 
uniting  the  clavicles  across  the  middle  line,  and  sending  slips 
to  the  top  of  the  sternum.  Other  representatives  are  not 
hard  to  trace.  The  long  coracoid  is  replaced  by  the  coracoid 
process  and  the  costocoracoid  ligament,  a  dense  band  of 
tissue  marking  the  limit  of  the  costocoracoid  membrane; 
it  runs  from  the  tip  of  the  coracoid  to  the  costal  cartilage  of 
the  first  rib,  and  thence  to  the  sternum.  Frequently  it 
contains  nodules  of  cartilage.  It  is  stronger,  thicker,  and 
more  discrete  in  monkeys  than  in  Man,  but  in  him  it  is 
frequently  a  conspicuous  structure. 

Some  anatomists  recognise  a  degenerate  representative 
of  the  precoracoid  in  the  inter  articular  fibro-cartilage 
between  the  clavicle  and  the  sternum.  Even  the  clavicle 
is  represented  in  some  mammals  by  a  strong  ligament,  and 
in  others  tliis  is  wanting.  It  may  be  truly  writ  that  the 
pectoral  girdle  of  Primates  abounds  in  degenerate  structures 
and  morphological  problems. 


CHAPTER  VIII 


THE  LI  G AMENTUM  TERES 

The  round  ligament  of  the  hip- joint  has  long  been  an 
anatomical  puzzle,  and  many  opinions  have  been  held 
concerning  it.  This  ligament,  fairly  constant  in  mammals, 
is  absent  in  the  seal,  elephant,  rhinoceros,  walrus,  orni- 
thorhynchus,  echidna,  sea-otter,  sloth,  orang,  hyrax,  and 
pangolin. 

In  birds  the  ligament  is  said  to  be  present  with  only  one 
exception — the  cassowary — ^but  in  a  specimen  of  C.  appen- 
dicnlatus  I  found  the  ligament  in  both  hip-joints.  In  big 
birds,  like  the  ostrich,  the  ligamentum  teres  is  a  thick 
tendon,  dense  and  strong.  In  reptiles  possessing  limbs, 
and  in  amphibians,  a  band  representing  the  round  ligament 
is  present.  In  the  horse  we  get  a  glimpse  of  the  nature  of 
the  ligament,  for  in  this  animal  it  consists  of  two  parts:  one 
hidden  within  the  joint,  termed  the  cotyloid  portion,  the  other 
passes  out  of  the  acetabulum  to  join  the  linea  alba  at  its 
junction  with  the  pubes.  This  is  the  pubio-femoral  portion, 
and  from  it  the  pectineus  arises.  Parsons  investigated  this 
ligament  in  the  goat,  and  found  an  arrangement  like  that  in 
the  horse.  In  the  hyrax,  the  only  representative  is  the 
pubio-femoral  band.  Parsons  thinks  these  facts  support 
the  contention  that  the  ligamentum  teres  is  a  continuation 
of  some  extra- capsular  structure. 

The  round  ligament  of  the  hip- joint  excited  my  interest, 
early  in  my  student  days,  on  account  of  the  extraordinary 
uses  ascribed  to  it  by  a  former  generation  of  anatomists,  who 
attempted  to  see  design  in  every  out-of-the-way  structure. 
Tliere  is  a  singular  muscle,  called  ambiens,  on  account  of  its 
remarkable  course,  that  led  me  to  see  this  ligament  in  a  new 
light.  The  ambiens  arises  from  the  tip  of  the  short, 
anteriorly- directed  spine  which  is  situated  just  above  the 
anterior  border  of  the  acetabulum,  and  runs  along  the 
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inner  side  of  the  thigh  to  the  knee,  covered  by  the  sartorius, 
which  is  above  it  in  the  former  part  of  its  course.  Its  thin 
tendon  then  crosses  the  knee  in  front  of  the  patella  to  join 
the  long  flexor  of  the  toes  near  its  origin. 

Owen,  in  1835,  described  this  muscle  as  the  gracilis.  In 
consideration  of  its  relation  to  the  knee-joint  and  the  con¬ 
nection  with  a  flexor  of  the  toes,  he  imagined  that  the  flexion 
of  the  knee  and  ankle,  when  the  lower  extremities  yield  to 
the  superincumbent  weight  of 
the  body,  enabled  birds  to  grasp 
the  twigs  on  which  they  rest 
without  making  any  muscular 
exertion.  Gadow  traces  this 
ingenious  explanation  of  the 
perching  and  roosting  of  birds 
to  BoreUi,  1680-82.  Sundevald 
pointed  out  that  the  anatomical 
evidence  did  not  support  this 
idea ;  for  the  ambiens  is  fully 
developed  in  many  birds  which 
wade  and  swim,  often  wanting 
in  those  that  hop  and  climb,  and 
absent  in  some  typical  perching 
birds.  The  ambiens  is  well  de¬ 
veloped  in  crocodiles,  and  its 
contraction,  as  in  birds,  closes  the 
second  and  third  toes.  Crocodiles 
do  not  sleep  sitting  on  the 
branches  of  trees. 

In  1873  Garrod  proposed  a  classification  of  birds  by 
dividing  them  into  two  classes,  those  that  possess  an  ambiens 
and  those  that  want  this  muscle.  This  ingenious  method  of 
classification  has  not  gained  currency,  but  it  led  to  a  thorough 
study  of  this  curious  muscle.  Chalmers  Mitchell  noticed  that 
in  the  shoebiil  when  the  ambiens  is  wanting  the  flexor 
perforatus  has  three  heads  instead  of  two.  The  additional 
head  is  a  round  and  very  distinct  tendon  passing  under  the 
biceps  tendon,  and  running  partly  to  the  head  of  the  fibula 
and  partly  to  the  fascia  of  origin  of  the  flexor.  This  tendon 
corresponds  in  character  and  course  to  the  terminal  tendon 


Fig.  16. — Hip-joint  of  a  child, 
showing  the  round  ligament. 
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of  the  ambiens.  The  inference  is  clear  that  the  ambiens,  in 
the  shoebill,  has  degenerated,  and  left  its  distal  tendon  as  a 
vestige  :  a  fact  of  interest  to  morphologists.  In  many  birds 
the  tendon  of  the  ambiens  traverses  a  groove  in  the  pateUa. 
In  some  cormorants  it  is  accommodated  with  a  foramen  in 
the  patella  formed  by  fusion  of  the  patella  with  the  cnemial 
process  of  the  tibia.  In  adult  cormorants  the  patella  is 

a  compound  of  the  patella  and 
the  cnemial  process.  In  some  old 
birds  the  foramen  is  obliterated 
(Shufeldt). 

In  an  adult  ostrich,  a  section 
carried  through  the  acetabulum 
so  as  to  divide  the  ambiens  at  its 
point  of  origin  and  the  ligamentum 
teres,  will  show  that  muscle  and 
ligament  are  connected  by  fibrous 
tissue.  In  the  winter  of  1883  I 
dissected  the  hip-joint  of  an  ostrich 
chick,  and  found  the  ligament  and 
a  small  muscular  slip  parallel  with 
the  ambiens  in  direct  continuity 
(Fig.  17).  The  specimen  is  pre¬ 
served  in  the  Museum  of  the 
Middlesex  Hospital.  The  ambiens 
and  the  muscular  slip  represent,  in 
birds,  the  mammalian  pectineus. 

Lizards  are  good  witnesses  in  this 
matter.  The  muscle  in  sphenodon 


Fig.  17. — Femur  of  an  ostrich 
chick,  showing  ligamentum 


teres  and  muscle  in  con-  .  that  corresponds  with  the  ambiens 
tinuity.  birds  and  the  pectineus  of 

mammals  arises  by  two  heads  :  one  from  the  lateral  spine  of 
the  pubes,  and  the  other  lies  inside  the  capsule,  and  gains  an 
attachment  to  the  head  of  the  femur,  thus  corresponding 
with  the  ligamentum  teres  of  mammals  and  birds.  These 
facts  not  only  support  the  opinion  that  the  ligamentum  teres 
has  been  drawn  into  the  joint  as  a  consequence  of  modifica¬ 
tions  in  the  structure  of  vertebrata,  but  the  anatomical 
conditions  support  the  belief  that,  in  birds,  it  is  a  divorced 
tendon,  and  such  an  origin  is  probably  true  for  mammals. 
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No  ligament  can  boast  such  an  extensive  literature,  or  has 
exercised  the  ingenuity  of  physiologists  so  much,  as  the  round 
ligament  of  the  hip- joint.  Teleologists  like  Paley  have  been 
enraj)tured  with  it,  and  anatomists  have  ascribed  to  it 
wonderful  mechanical  uses.  Alas  !  in  this,  as  in  so  many 
like  cases,  morphology  demands  for  the  round  ligament  a 
low  level.  It  is  a  vestige.  In  this  sense  teleology  is  as 
poetry,  but  morphology  plain  history. 
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CHAPTER  IX 


DEGENERATE  PELVIC  MUSCLES;  AND  THE 
SYMPHYSIAL  LIGAMENT 

Man’s  pelvis  contains  many  examples  of  muscular  degen¬ 
eration,  some  of  which  lead  to  interesting  speculations  in 
regard  to  the  nature  of  the  fibrous  structures  clustering  along 
the  crest  of  the  pubis  and  the  ilio -pectineal  line;  also  the 
relationship  of  the  pyramidalis  muscle  to  the  kangaroo’s 
pouch,  and  the  sheep’s  prepuce.  The  tendinous  condition 
of  the  muscles  within  the  pelvis  associated  with  the  absence 
of  a  tail  in  Man  and  apes,  and  the  gluteus  quartus,  brings 
into  prominence  Man’s  relationship  with  arboreal  ancestors. 

The  Scansorius. — Traill,  in  1818,  published  some  obser¬ 
vations  on  the  anatomy  of  a  chimpanzee :  the  animal  was 
really  an  orang.  In  the  description  of  the  muscles  he  gives 
to  one  the  picturesque  name  of  scansorius,  and  describes 
it  thus: — 

“  The  most  remarkable  muscle  about  the  top  of  the  thigh 
has  not  been  noticed  by  Tyson,  Camper,  Cuvier,  or  the 
older  anatomists.  It  is  a  fiat,  triangular  muscle  arising 
from  the  whole  anterior  edge  of  the  ilium  to  within  half  an 
inch  of  the  acetabulum,  and  is  inserted  to  just  below  the 
fore-part  of  the  great  trochanter,  between  the  head  of  the 
cruralis  and  the  vastus  externus,  a  little  below  the  origin 
of  the  former.  It  is  thin  and  fleshy  throughout  its  whole 
extent,  except  where  it  is  inserted  by  a  short,  flattened 
tendon.  At  its  upper  part  it  is  united  by  cellular  substance 
to  the  iliacus  internus.  The  action  of  the  muscle,  which 
appears  to  be  peculiar  to  this  animal,  is  to  draw  the  thigh 
upwards  towards  the  body ;  and  it  seems  especially  intended 
to  assist  in  climbing.  On  this  account  we  propose  to  call  it 
the  scandens  or  musculus  scansorius,  and  we  are  disposed  to 
regard  this  as  one  of  the  principal  peculiarities  of  the  muscle.” 

Gruber,  under  the  name  of  gluteus  quartus,  has  described 
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two  occurrences  of  the  scansorius  in  Man.  The  muscle 
arose  from  the  ilium  near  the  anterior  superior  spine,  in 
close  relation  with  the  gluteus  minimus,  but  was  quite 
distinct  from  it,  and  passed  to  the  outer  surface  of  the 
great  trochanter,  slightly  posterior  to  the  tendon  of  inser¬ 
tion  of  the  gluteus  minimus  (Eig.  18).  In  both  cases 
Gruber  states  precisely  that  it  was  an  independent  muscle, 
and  not  a  detached  portion  of  the  gluteus  minimus  or  medius. 
Gruber  further  refers  to  his  examination  of  some  fifty 
mammals,  with  regard  to  the  existence,  degree  of  develop¬ 
ment,  and  homology  of 
this  muscle. 

A  comparison  of  the  hip 
in  Man  and  Quadramana 
brings  out  one  point  very 
strongly.  The  various 
bands  known  as  accessory 
ligaments  of  the  capsule 
seem  to  be  peculiarly 
human,  and  the  reflected 
tendon  of  the  rectus, 
which,  in  Man,  lies  be¬ 
tween  the  layers  of  the 

capsule,  in  mammals  is 

quite  outside  this  struc-  18.— The  gluteus  quartus  (scansorius) 

^  in  Man  {Gruber). 

ture. 

In  mammals  possessing  a  gluteus  quartus,  the  muscle 
fibres,  which  arise  from  the  ilium  near  the  anterior  inferior 
spine,  overlap  the  reflected  tendon  of  the  rectus  femoris, 
and  bear  precisely  the  same  relation  to  it  as  the  fibrous 
expansion  in  the  capsule  of  Man’s  hip- joint.  The  limb  of 
the  ilio-femoral  band,  which  is  associated  with  the  great 
trochanter  and  anterior  inferior  spine  of  the  ilium,  corre¬ 
sponds  in  its  attachments  and  relations  to  the  gluteus 
minimus  and  the  reflected  tendon  of  the  rectus  to  the 
origin  and  insertion  of  the  gluteus  quartus. 

Further,  the  ilio-femoral  band  is  by  no  means  a  constant 
structure.  When  fully  developed  it  is  rounded  and  tendon¬ 
like,  at  other  times  it  simply  appears  as  a  slight  thickening 
in  the  capsule ;  or  it  may  be  unrepresented. 
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The  gluteus  quartus  presents  itself  in  a  variety  of  forms. 
In  many  mammals  it  lies  between  the  gluteus  medius  and 
minimus.  In  others  the  muscle  is  in  actual  contact  with 
the  capsule  of  the  hip- joint.  It  also  appears  to  be  correlated 
with  the  degree  of  development  of  the  gluteus  minimus. 
When  this  muscle  is  large,  the  gluteus  quartus  is  merely  a 
narrow  muscular  slip.  In  some  cases,  when  the  gluteus 
minimus  is  relatively  small,  the  gluteus  quartus  may  nearly 
equal  it  in  size.  In  all  cases  in  which  I  have  been  able  to 
determine  the  nerve  supply,  it  was  derived  from  the  superior 
gluteal. 

In  the  Mangabey  monkey  G.  collaris  1  found  the  gluteus 
quartus  absent,  but  its  place  occupied  by  a  band  of  liga¬ 
mentous  tissue  resting  upon  the  capsule  of  the  joint,  covering 
the  reflected  tendon  of  the  rectus  femoris,  and  attached 
below  to  the  great  trochanter. 

A  full  consideration  of  these  facts  induces  me  to  venture 
the  opinion  that  the  outer  limb  of  the  ilio-femoral  band  is  the 
fibrous  representative  of  the  gluteus  quartus  (scansorius) 
muscle. 

The  ilio-femoral  ligament  corresponds  in  its  attachment 
to  the  gluteus  quartus  muscle.  The  relation  of  the  ligament 
to  the  reflected  tendon  of  the  rectus  femoris  muscle  is 
precisely  that  exhibited  by  the  gluteus  quartus  in  most 
mammals.  In  at  least  one  monkey,  G.  collaris,  the  ilio¬ 
femoral  band  is  present,  but  no  gluteus  quartus;  and  in 
other  monkeys  possessing  a  functional  gluteus  quartus  the 
ilio-femoral  band  is  unrepresented. 

No  morphologist  will  deny  that  the  pyramidalis  of 
Primates  is  a  vestigial  muscle.  When  developed  to  its 
fullest  condition  in  Man,  it  may  reach  to  the  umbilicus; 
this  is,  however,  very  exceptional.  Usually  it  is  a  small 
muscle,  in  front  of  the  lower  part  of  the  rectus.  It  arises 
from  the  front  of  the  pubes  and  the  ligaments  of  the  sym¬ 
physis  ;  assuming  a  pointed  shape,  it  passes  upwards,  to  be 
inserted  into  the  linea  alba,  midway  between  the  symphysis 
and  umbilicus.  Most  anatomists  will  agree  with  Testut  in 
considering  the  pyramidalis  as  one  of  the  most  inconstant 
muscles  in  Man.  This  inconstancy  is  sufficient  to  show 
that  it  is  of  secondary  importance.  One  or  both  muscles 
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may  be  absent,  or  represented  by  fibrous  tissue.  Occa¬ 
sionally  the  muscles  may  be  scarcely  a  centimetre  in  length. 
In  rare  cases  two  pyramidales  have  been  seen  on  each  side. 
Malkmus  has  endeavoured  to  demonstrate  that  the  retractor 
and  protractor  of  the  prepuce  in  the  sheep  represents  the 
pyramidal]  s  of  Man. 

Among  mammals  the  pyramidalis  attains  its  greatest 
proportions  in  Marsupials;  it  is  exceptionally  developed 
in  ornithorhynchus.  In  kangaroos  this  muscle  arises 
from  the  ventral  aspect  of  the  symphysis  pubis,  and  the 
contiguous  surface  of  the  pubic  ramus  as  far  outward  as 
the  pectineal  process ;  it  also  has  a  large  and  important 
origin  from  the  median  border  of  the  epi -pubic  (marsupial) 
bones.  The  fibres  of  the  muscle  are  closely  connected  with 
the  ventral  wall  of  the  marsupium,  and  pass  forwards  imme¬ 
diately  in  contact  with  the  rectus  muscle,  to  be  inserted 
into  dense  tissue  over  the  costal  cartilages  of  the  most 
posterior  ribs  and  the  xiphi-sternum.  On  its  way  along 
the  abdomen  we  find  it  blending  with  its  fellow,  to  form 
with  the  rectus  the  linea  alba. 

If  the  connection  of  the  epi-pubic  bones  be  closely 
examined,  it  will  be  seen  that  each  bone  is  firmly  bound  to 
the  horizontal  ramus  of  the  pubes  by  strong  and  dense 
fascia  (Fig.  19).  This  fascia  is  attached  to  the  ilio- 
pectineal  line,  and  closely  associated  with  Poupart’s  liga¬ 
ment,  whilst  above  it  is  inserted  to  the  whole  length  of  the 
outer  border  of  the  epi-pubic  bone. 

If  we  compare  the  corresponding  parts  of  Man’s  pubic 
region  with  that  of  the  kangaroo,  we  find  the  internal 
pillar  of  the  external  abdominal  ring  representing  the  epi- 
pubic  bone,  and  two  well-marked  fibrous  structures  known 
as  Gimbernat’s  ligaments  and  the  triangular  fascia.  These 
two  structures  are  not  only  directly  continuous  with  each 
other,  but  are  intimately  related  to  the  internal  pillar  of 
the  abdominal  ring.  Some  careful  dissections  of  these  fasciae, 
compared  with  dissections  of  the  corresponding  parts  in  the 
marsupials,  induce  me  to  suggest  that  Gimbernat’s  liga¬ 
ment  and  the  triangular  fascia  are  remnants  of  the  very 
stout  ligament  which,  in  marsupials,  anchors  the  epi-pubic 
bone  firmly  to  the  ilio-pectineal  line.  Whether  this  fascia 
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was  muscular  or  not  in  the  ancestors  of  the  kangaroos,  it  is 
difficult  to  decide,  but,  judging  from  the  anatomy  of  the 
superficial  rectus  abdominis  in  the  salamander,  most  prob¬ 
ably  it  was.  In  ornithorhynchus  the  ligament  is  very  small, 
and  the  epi-pubic  bone  extends  as  far  outward  as  the  ileo- 
pectineal  eminence.  There  need  be  little  hesitation  in 
accepting  this  interpretation  of  the  nature  of  the  triangular 


Fig.  19. — Pelvis  of  the  Great  Kangaroo.  Ventral  view,  to  show  the 
pyramidalis  arising  from'  the  epi-pubic  bone. 


fascia  and  Gimbernat’s  ligament,  when  we  remember  that 
anatomists  agree  in  regarding  the  internal  pillar  of  the 
abdominal  ring  as  the  homologue  of  the  epi-pubic  bone. 

It  is  also  a  point  of  considerable  interest  to  find  in  Man 
this  relation  of  fascia,  ligament,  and  internal  pillar  to  each 
other,  for  the  regression  of  the  large  metatherial  pyramidalis 
muscle  stands  in  close  relation  to  the  degeneration  of  the 
marsupial  bones  and  disappearance  of  the  marsupium.  The 
comparatively  large  development  of  the  ilio-pectineal  process 
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in  the  kangaroos,  especially  in  embryos,  should  not  be 
forgotten. 

To  many  it  may  seem  strange  to  associate  these  structures 
in  Man  with  those  of  marsupials  now  practically  confined 
to  the  Australian  continent.  But  we  must  remember  that, 
in  former  periods  of  this  planet’s  history,  our  own  island 
was  inhabited  by  marsupial  forms  of  large  size  and  in 
goodly  numbers,  judging  from  the  fossil  remains  which 
from  time  to  time  have  come  to  light.  The  former  wide 
dissemination  of  kangaroos  is  a  point  not  to  be  forgotten. 

The  coccygeus  is,  in  Man, 
a  vestigial  muscle,  and  a 
superficial  examination  is 
sufficient  to  show  that  it 
contains  a  large  amount  of 
fibrous  tissue.  A  study  of 
the  comparative  anatomy 
of  the  muscle  demonstrates 
that  the  lesser  sacrosciatic 
ligament  results  from  the 
regression  of  a  large  tract  of 
the  coccygeus.  The  anatomy 
of  the  coccygeus  and  levator 
ani  muscles  has  been  in¬ 
vestigated  by  Kollmann  in 
Tailed  and  Tailless  Monkeys, 
and  he  carefully  describes  the 

the  loss  of  the  caudal  appen¬ 
dage  entails  on  the  muscles  of  the  pelvis.  It  seems  clear 
that  the  stout  and  complicated  pelvic  fascia  of  Man  arises 
from  the  regression  of  the  levator  ani  group  of  muscles 
due  to  the  suppression  of  the  caudal  vertebrae.  This  subject 
has  also  been  very  carefully  investigated  by  Peter  Thompson. 

In  my  early  work  I  looked  on  the  small  sacro-sciatic 
ligament  as  the  fibrous  representative  of  the  long  ischial 
spine  which  in  armadillos,  sloths,  and  other  edentata, 
recent  and  extinct,  reaches  to  the  sides  of  the  pseudo-sacral 
vertebrae  (Fig.  20).  The  view  that  the  degeneration  of  the 
coccygeus  is  responsible  for  it  is  simpler  and  more  probable. 


degenerate  changes  which 


Fig.  20. — Pelvis  of  sloth,  x,  pubic 
ossicle. 
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There  are  other  fibrous  structures  about  the  pelvis,  such 
as  the  sub-pubic  and  triangular  ligaments,  whose  morpho- 
logy  would  well  repay  investigation,  and  especially  the 
pubic  ossicle  in  the  pelvis  of  sloths,  armadillos,  and  other 
mammals.  The  ligaments  of  the  pubic  symphysis  are  not 
lacking  in  interest,  especially  in  moles  and  guinea-pigs. 

Symphysial  Ligaments 

The  pelvis  of  the  mole  is  more  remarkable  than  that  of 
the  sloth,  for  it  lacks  a  symphysis.  The  pelvis  is  long  and 

narrow,  and  the  pubic  portions  approach, 
but  do  not  meet  each  other  (Fig.  21)  : 
they,  are  joined  by  a  narrow,  slack  liga¬ 
ment,  which  serves  as  a  sling  to  hold  up 
the  vagina  and  rectum.  These  structures 
lie  just  beneath  the  skin.  In  Hunter’s 
Essays  and  Observations  on  Natural  History 
there  is  a  short  note  relating  to  this 
peculiar  condition  of  the  mole’s  pelvis,  and 
an  admirable  preparation  in  the  Museum 
of  the  Royal  College  of  Surgeons  shows 
this  arrangement  of  the  parts. 

The  symphysial  ligaments  of  the  guinea- 
pig  are  of  exceptional  interest,  especially 
in  relation  to  parturition. 

It  is  well  known  that  the  ligaments 
uniting  the  pubic  symphysis  in  women 
thicken  during  pregnancy,  and  after  re¬ 
peated  pregnancies  the  cartilaginous  disc  in  the  symphysis 
softens  and  allows  some  movement  during  parturition. 
Occasionally  the  joint  becomes  unnaturally  loose,  and 
renders  walking  and  standing  painful  and  unsteady.  This 
is  a  matter  of  some  interest  in  connection  with  what  follows. 
Parturition  in  the  cavy,  or  guinea-pig,  is  accompanied 
by  a  curious  change  at  the  symphysis  pubis.  Owen,  in 
1866,  described  it  in  this  way  :  Pj'ior  to  parturition  the 
symphysial  ligaments  become  soft  and  extensile,  and  the 
innominata,  gliding  on  the  sacro-iliac,  diverge  at  the  sym¬ 
physis.  After  this  process  the  symphysis  quickly  returns 
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to  its  former  normal  state,  and  in  a  few  days  presents 
only  a  little  thickness  and  mobility. 

In  1911  I  isolated  a  pregnant  guinea-pig,  and  when 
delivered  she  was  decapitated.  The  parts  were  dissected. 


Fig.  22. — Pelvic  organs  of  a  guinea-pig,  showing  the  extensibility  of 

the  symphysial  ligament. 

and,  as  shown  in  Fig.  22,  the  ligament  had  become  stretched 
into  a  wide  band  3  cm.  long.  Only  one  horn  of  the  uterus 
was  gravid,  and  this  accounts  for  the  inequality  of  the 
cornua.  Although  the  ligament  contracts  after  dehvery, 
the  symphysis  does  not  regain  its  firmness.  The  pelvis 
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of  a  virgin  and  of  a  fruitful  guinea-pig  are  shown  in  Fig.  23. 
The  specimens  from  which  these  drawings  were  made  are 
preserved  in  the  Museum  of  the  Royal  College  of  Surgeons. 

A  microscopic  examination  of  the  ligament  from  a  par¬ 
turient  guinea-pig  shows  nothing  to  explain  its  extensibility. 

The  laboratory  attendant  informed  me  that  he  knew 
when  a  guinea-pig  was  likely  to  have  young  by  feeling  if 
the  symphysis  was  opening.”  The  domesticated  cavy 
or  guinea-pig  is  very  prolific,  and  the  young,  as  in  most 
cavies,  are  born  in  a  very  mature  state,  and  run  about  a  few 


Fig.  23. — Pelvis  of  a  guinea-pig.  a,  from  a  virgin;  b,  from  a  multipara. 

minutes  after  birth,  and  within  twenty-four  hours  eat  solid 
food.  Whitley  studied  gravid  guinea-pigs,  and  noted  the 
period  of  gestation  is  from  twelve  to  thirteen  weeks.  The 
stretching  of  the  symphysial  ligament  begins  a  month  before 
delivery,  and  for  three  weeks  locomotion  is  exceedingly 
laborious.”  The  separation  at  the  symphysis  allows  the 
whole  weight  of  the  abdominal  contents  to  fall  forwards, 
and  the  iliac  bones,  sacrum,  and  coccyx  are  flattened  out. 
Owing  to  the  weakening  of  the  leverage  for  the  femora, 
the  animal  drags  her  hind-quarters  with  considerable  effort, 
the  hind-legs  being  scarcely  used. 

The  story  of  the  guinea-pig’s  symphysial  ligament  em¬ 
phasises  the  disadvantages  offspring,  with  big  heads,  entail 
on  their  mother. 
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CHAPTER  X 


DEGENERATE  MUSCLES  IN  LEGS,  WINGS, 

AND  FLIPPERS 

William  Percival,  in  an  excellent  work  on  the  Anatomy 
of  the  Horse,  1858,  adds  a  footnote  to  his  account  of  the 
suspensory  ligament  of  the  fetlock,  stating  that  Bourgelat 
regarded  it  as  a  tendon,  but  Girard  as  a  muscle.  Percival 
describes  it  thus  :  ‘‘  The  suspensory  ligament — so  called,  I 
imagine,  because  the  sesamoid  bones  seem  to  be  suspended 
by  it — ^is,  perhaps,  the  strongest  in  the  whole  body,  and 
is  remarkable  for  its  high  degree  of  elastic  property.  It 
takes  root,  superiorly,  in  a  projection  at  the  upper  and 
back  part  of  the  cannon,  whence  it  passes,  enclosed  wdthin 
a  cellular  sheath,  between  the  splint  bones  filling  up  their 
interspace.  Opposite  to  about  the  termination  of  these 
small  bones,  it  splits  into  two  divisions,  which,  diverging 
in  their  descent,  become  implanted  into  the  lateral  and 
posterior  parts  of  the  sesamoid  bones,  and  into  the  fibro¬ 
cartilaginous  substance  uniting  them.  From  the  places  of 
implantation,  two  lateral  slips  are  continued  from  it  down¬ 
ward  and  forward  to  join  the  extensor  tendon.  Between 
the  suspensory  ligament  and  the  joint,  enveloped  in  adipose 
membrane,  are  some  large  bursce  mucosce.  In  composition 
and  texture  this  ligament  possesses  peculiarities  :  it  has  a 
sanguineous  tinge  interiorly,  which  is  not  perceptible  in 
other  ligaments  or  tendons,  and  its  fibres,  which  are  very 
coarse,  are  disposed  in  layers.  But  its  chief  peculiarity 
consists  in  its  exhibiting  an  intertexture  of  delicate,  pinky, 
fleshy  fibres,  which  appear  to  be  the  uniting  medium  of  the 
ligamentous  fasciculi .  ’  ’ 

Cunningham  studied  the  development  of  this  ligament 
in  the  horse,  ox,  roe-deer,  and  sambre  deer,  and  conclusively 
proved  that  it  is  formed  in  the  horse  by  the  metamorphosis 
of  the  short  flexor  muscle  of  the  middle  digit  into  fibrous 
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tissue.  The  corresponding  structure  in  the  ox,  sheep,  and 
camel,  arises  from  the  coalescence  and  fibrous  regression 
of  the  short  flexor  muscles  of  the  middle  and  fourth  digits. 

The  Museum  of  the  Royal  College  of  Surgeons  contains 
an  exquisite  series  of  dissections  showing  the  suspensory 
ligament  in  horse  and  foal,  ox,  and  ass. 

A  bird’s  wing  abounds  in  examples  of  the  conversion  of 
muscular  tissue  into  tendon.  In  this  place  we  cannot  do 
more  than  notice  a  few  of  the  more  important. 


Fig.  24. — Wing  of  vulture,  e.c.u.,  ext.  carpi  ulnaris;  t.p.,  tensor 
patagii;  Ex.s.,  exp.  secundariorum. 


In  most  birds  the  flexor  carpi  ulnaris  is  a  fairly  well- 
developed  muscle,  but  in  the  vulture,  rail,  razor-bill,  and 
others,  this  muscle  is  replaced  by  a  strong,  thick  tendon. 
Ligaments  of  this  kind,  though  degenerate  muscles,  continue 
to  perform  the  function  of  the  muscles  they  represent. 
Tendons  of  this  kind  are  developed  from  muscles  which 
pass  over  two  joints,  and  which  have  a  more  or  less  ligamen¬ 
tous  action.  This  is  well  seen  in  the  case  of  the  bird’s 
flexor  carpi  ulnaris  (Fig.  24),  for  when  the  elbow  is  flexed 
the  tendon  serves  automatically  to  flex  the  wrist- joint. 

Every  student  of  human  anatomy  must  have  experi¬ 
enced  a  certain  amount  of  curiosity  when  he  dissected  for 
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the  first  time  the  plantaris  muscle ;  this  strange  structure 
sinks  into  insignificance  when  compared  with  the  celebrated 
ambiens  of  the  bird’s  leg  or  the  tendon  of  the  femoro- 
caudal  in  lizards.  Of  all  strange  muscles,  the  one  known 
as  the  expans  or  secundariorum  in  the  bird’s  wing  stands 
pre-eminent.  It  is  a  small,  triangular  muscle  arising  from 
the  quills  of  the  last  few  secondary  remiges  at  the  elbow. 
Its  remarkably  long  and  slender  tendon,  which  frequently 
traverses  a  fibrous  pulley  on  the  axillary  margin  of  the 


Fig.  25. — Expansor  secundariorum  of  the  screamer  {Garrod). 


teres  muscle,  runs  up  the  arm  side  by  side  with  the  axillary 
vessels  and  nerves,  to  be  inserted  in  the  thorax  into  the 
middle  of  a  tendon  which  runs,  from  the  inner  side  of  the 
middle  of  the  scapular  element  of  the  scapulo-coracoid 
articulation,  to  near  the  middle  of  the  thoracic  border  of 
the  sterno-coracoid  articulation,  at  right  angles  to  it  when 
the  fore-limb  is  extended  (Fig.  25). 

In  ducks  and  geese,  the  tendons  under  consideration, 
when  they  enter  the  thorax,  run  towards  one  another,  and 
join  (after  having  expanded  out)  in  the  middle  line  in  front 
of  the  oesophagus,  and  behind  the  trachea. 
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The  taxonomic  value  which  Garrod  placed  upon  the 
amhiens  (p.  44)  and  the  expansor  secundariorum  mil  render 
these  muscles  always  interesting  to  those  ornithologists  who 
study  the  anatomy  of  birds. 


Fig.  26. — Ventral  aspect  of  the  wing  of  a  penguin  (rock-hopper), 
showing  degenerate  muscles  {Watson), 


The  Penguin’s  Wing. — I  know  of  no  more  instructive 
exercise  in  comparative  anatomy  than  the  dissection  of  the 
wing  of  a  vulture  (Fig.  24)  and  the  wing  of  a  penguin  (Fig. 
26),  and  the  comparison  of  the  muscles,  tendons,  and  liga¬ 
ments  in  each.  The  transformation  of  a  wing  into  a  paddle 
is  accompanied  by  very  striking  modifications  of  muscles. 
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The  wings  of  the  penguin  among  the  limbs  of  birds  resemble, 
so  far  as  degenerate  muscles  are  concerned,  the  flippers  of 
a  whale  among  mammalian  Jimbs.  These  strange  wings 
are  useless  for  flight,  but  to  watch  a  penguin  swimming 
under  water  fills  one  with  admiration  and  delight. 


riex.  dig.  ulnaris 


Flex,  dig.  radialis 


Flex.  carp,  ulnaiis 


Fig.  27. — Dorsal  aspect  of  the  flipper  of  Sowerby’s  Whale,  Meso'ploden 

bidens  {Turner). 


Flippers 

Whales  possess  many  vestigial  structures.  In  some  of 
these  huge  animals  the  fore-limbs,  or  flippers,  possess  repre¬ 
sentatives  of  the  flexors  and  extensors  of  the  fingers  (Fig.  27). 
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In  the  majority  of  whales  the  finger  muscles  are  mainly 
ligamentous.  Turner  dissected  the  muscles  of  the  flipper 
of  Sowerby’s  Whale  {Mesoploden  hidens),  and  found  the 
bellies  of  such  muscles  as  the  jiexor  carpi  ulnaris,  flexor 
digitorum  ulnaris,  and  flexor  digitorum  radialis  fleshy,  red, 
and  free  from  signs  of  fatty  degeneration ;  they  had  a  free 
vascular  supply,  and  nerves ;  the  tendons  were  mobile  in  their 
sheaths,  and  diarthrodial  joints  existed  in  the  manus.  He 
considered  these  facts  indicated  that  in  this  whale  the 
muscles  were  functionally  active. 

The  fore-limbs  of  a  porpoise  are  easily  obtainable ;  they 
furnish  good  examples  of  extreme  muscular  regression.  The 
presence  of  muscles  in  the  flippers  of  cetaceans  was  first 
noticed  by  Sir  William  Flower,  in  1865.  A  useful  summary 
of  the  literature  of  this  subject  is  furnished  by  Struthers. 

The  flippers  are  balancers;  they  are  not  used  for  pro¬ 
gression;  for  this  purpose  the  whale  relies  on  the  tail. 

The  flipper  of  a  whale  contains  all  the  elements  of  the 
upper  limb  of  Man  except  the  clavicle.  The  hand  has 
usually  five  digits,  thumb,  index,  middle,  ring,  and  little 
fingers.  The  thumb,  however,  is  missing  in  some  species  of 
whales.  AU  the  elements  of  the  limb — arm,  forearm,  and 
manus — are  enclosed  in  a  close-fitting  cutaneous  covering, 
so  that  the  flippers  of  whales,  like  the  wings  of  penguins, 
resemble  hands  in  mittens. 


Flukes 

The  muscles  which  move  the  flukes  of  a  whale  form  a 
striking  contrast  to  those  belonging  to  the  flippers.  The 
tail  of  the  whale  constitutes  an  organ  of  propulsion,  and  the 
muscles  are  of  enormous  size.  Hunter  studied  them  with 
care,  and  considered  the  construction  of  the  whale’s  tail 
as  perhaps  the  most  beautiful  mechanism  of  any  animal. 
The  flukes  are  set  at  right  angles  to  the  plane  of  the  body, 
and  not  vertically,  as  the  tail  is  set  in  Ashes  (Fig.  28) ;  they 
have  a  screw-like  form,  one  half  being  convex  upwards, 
the  other  concave,  and  are  constructed  of  thick,  tendinous 
fibres  overlapping  each  other  in  such  fashion  as  to  give 
amazing  strength  to  the  part.  The  depressors  are  similar 
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in  position  to  the  psoas  muscles,  and  make  two  big  ridges 
on  the  lower  part  of  the  cavity  of  the  belly.  Instead  of 
passing  into  the  extremities,  as  in  quadrupeds,  they  go  to 
the  tail,  and  end  in  a  complex  set  of  tendons,  running  in 
all  directions,  and  enable  the  most  varied  movements  to  be 
performed. 

Herman  Melville,  in  Moby  Dick,  1858,  states  that  the  tail 
of  a  full-grown  whale  may  exceed  twenty  feet  across.  It 
is  the  sole  means  of  propulsion,  and  acts  in  a  different  manner 
from  the  tail  of  all  other  creatures.  It  never  wriggles. 


Fig.  28. — Flukes  of  a  whale. 


Scroll-wise  coiled  forward  beneath  the  body,  and  then 
rapidly  sprung  backward,  it  gives  the  singular  darting 
motion  to  the  whale  when  furiously  swimming.  The  whale 
uses  the  tail  as  a  mace  in  battle.  In  striking  at  a  boat 
he  swiftly  curves  away  his  flukes  from  it,  and  the  blow 
inflicted  by  the  recoil  is  irresistible.  The  sense  of  touch 
in  whales  is  concentrated  in  the  tail,  and  its  delicacy  is 
only  equalled  by  the  elephant’s  trunk. 

If  one  steal  unawares  upon  the  whale  in  the  fancied  security 
of  solitary  seas,  he  may  be  found  playing  kitten-like  on  the 
ocean  as  if  it  were  a  hearth.  He  flits  the  broad  flukes 
into  the  air,  and  smites  the  surface  of  the  water  with  a 
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thunderous  concussion  that  may  be  heard  for  a  long  distance ; 
at  the  same  time  there  may  be  a  light  puff  of  vapour  from 
the  blow-hole,  and  this  might  lead  one  to  fancy  that  a 
great  gun  had  been  discharged. 

Whales  are  the  biggest  animals  that  exist  or  have  existed. 
They  are  for  the  most  part  timid  and  inoffensive,  with  large 
brown  eyes.  Those  who  know  them  best  aver  that  some 
species  are  affectionate  in  disposition  to  one  another,  and 
that  the  mother  is  especially  so  to  her  young. 
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CHAPTER  XI 


THE  CONJUGAL  LIGAMENT  AND  THE 

NOTOCHORD 

In  1882,  whilst  dissecting  a  seal,  I  found  a  strong  cord¬ 
like  ligament  connecting  the  heads  of  corresponding  ribs 
by  passing  across  the  back  of  the  intervertebral  disc  in  a 
synovial  sheath.  This  is  the  conjugal  ligament  (Fig.  29). 
A  flattened  band  of  fibrous  tissue  passes  across  the  ventral 
face  of  the  disc,  and  may  be  named  the  anterior  conjugal 
ligament.  In  the  human  foetus  similar  bands  can  be  dis¬ 
sected  from  the  interosseous  discs.  The  posterior  band  is 
continuous  with  the  interosseous  ligament  of  the  rib-head; 
the  anterior  is,  in  adults,  reduced  to  the  middle  fasciculus 
of  the  well-known  stellate  ligament  of  the  costo-vertebral 
joint.  After  birth,  the  intermediate  portions  of  these 
ligaments  become  incorporated  with  the  intervertebral 
discs.  Mayer  described  the  ligamentum  conjugate  costarum 
in  1834.  He  found  it  in  several  mammals.  Cleland, 
unaware  of  Mayer’s  paper,  described  the  ligament  in  1858 
in  a  seal.  John  Hunter  knew  of  it,  for  there  is  a  Hunterian 
specimen  displaying  the  ligament  in  a  horse.  This  specimen 
is  described  in  the  Physiological  Catalogue,  published  in 
1833. 

I  have  examined  the  conjugal  ligament  in  a  large  number 
of  mammals,  including  the  horse,  lion,  otter,  fox,  dog, 
weasel,  squirrel,  rabbit,  calf,  sheep,  badger,  and  pig.  It 
is  best  developed  in  that  part  of  the  thoracic  region  where 
the  head  of  the  rib  articulates  with  two  vertebrae.  An 
excellent  series  of  preparations  has  been  added  to  the 
Museum  of  the  Royal  College  of  Surgeons  showing  the 
conjugal  ligaments  in  such  mammals  as  the  horse,  sheep, 
seal,  mole,  and  ornithorhynchus. 

The  conjugal  ligament  has  a  twofold  interest.  It  is  a 
neat  anatomical  entity,  and  has  also  a  morphological  value, 
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for  no  one  can  doubt  that  the  remarkable  transverse  liga¬ 
ment  that  keeps  the  odontoid  process  in  contact  with  the 
anterior  ring  of  the  atlas,  and  the  check  ligaments,  which 
sometimes  form  a  continuous  band  across  the  tip  of  the 
odontoid  process,  are  repetitions  of  this  ligament.  This 
view  also  occurred  to  Cleland ;  indeed  the  relationship 
must  at  once  appeal  to  any  reflecting  anatomist. 

Among  the  vestigial  structures  in  bodies  of  vertebrata 
there  is  none  that  vields  in  interest  to  the  notochord. 
This  curious  rod-like  organ  arises  very  early  in  the  embryo 
of  all  backboned  animals.  It  lies  in  the  middle  line  of  the 
body,  exactly  in  the  situation  occupied  later  by  the  vertebral 


Fig.  29. — The  conjugal  ligament  of  a  seal. 


centra,  whether  cartilaginous  or  osseous.  The  notochord 
takes  no  part  in  the  formation  of  the  vertebrae,  but  as  the 
cartilaginous  elements  grow,  the  notochord  becomes  more 
or  less  obliterated.  In  fishes  portions  of  its  soft  and  cellular 
tissue  persist  throughout  life ;  but  in  mammals  degenerate 
remnants  exist  in  the  middle  of  the  intervertebral  discs 
without  any  trace  of  their  original  structure. 

This  curious  organ  was  discovered  by  Von  Baer  (1828) 
and  named  by  him  chorda  dorsalis  ;  it  is  familiar  to  all 
students  of  embryology  as  a  conspicuous  object  in  all  trans¬ 
verse  sections  of  vertebrate  embryos ;  later  Owen  changed 
its  name  to  notochord. 

In  1778,  Pallas,  an  eminent  naturalist,  discovered  the 
curious  creature  now  called  Amphioxus,  which  he  regarded 
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as  a  slug,  but  Costa,  in  1834,  recognised  its  nature.  Amphi- 
oxus  lives  in  brackish  or  salt  water  near  the  coast,  and 
though  an  expert  swimmer,  spends  most  of  its  time  burrow¬ 
ing  in  sand,  in  which,  when  at  rest,  it  lies  buried  with  the 
head  protruding.  Amphioxus  presents  many  problems  to 
the  morphologist,  but  what  interests  us  in  connection  with 
ligaments  is  the  circumstance  that  the  notochord  persists 
throughout  life  in  this  animal,  and  constitutes  the  axis  of 
the  creature’s  body.  The  cells  of  the  notochord  are  of 
peculiar  structure,  and  the  whole  organ  is  invested  with  a 
strong  sheath.  Kowalevsky  intensified  interest  in  the 
notochord  when  he  discovered  it  in  the  tail  of  larval  ascidians 
(Sea-squirts)  in  1866. 

The  notochord,  which,  in  its  degenerate  conditions,  helps 
to  hold  together  the  elements  of  the  backbone  and  links 
it  with  the  base  of  the  skull,  serves  also  to  bridge  the 
gap  created  between  living  creatures,  after  Lamarck  had 
divided  them  into  Vertebrate  and  Invertebrate  animals. 
The  notochord  is  an  important  link  in  the  arguments  of 
evolutionists. 

When  the  notochord  is  systematically  studied  it  will  be 
found  a  conspicuous  structure  in  the  spinal  column  of 
fishes  and  amphibians,  visible  to  the  naked  eye,  but  in  the 
backbone  it  becomes  more  and  more  obliterated,  until  at 
last,  in  birds  and  mammals,  it  is  only  seen  with  the 
aid  of  a  microscope  in  the  embryo,  and  then  only  with 
the  help  of  special  methods  of  investigation.  In  spite  of 
its  temporary  existence  in  vertebrates,  its  fate  is  now  well 
known,  and  vestiges  like  well-worn  memorials  have  been 
cleverly  detected  by  embryologists  and  morphologists. 
These  will  now  be  considered. 

The  suspensory  ligament  of  the  axis  is  surely  one  of  the 
least  obtrusive  structures  in  Man’s  body,  yet  some  extremely 
interesting  problems  enclose  it.  It  is  a  thin  ligament  pass¬ 
ing  from  the  tip  of  the  odontoid  process  to  the  middle  of 
the  anterior  border  of  the  foramen  magnum,  that  is,  to  the 
basi-occipital.  Rathke  showed  that  this  ligament  is  derived 
from  the  sheath  of  the  notochord  and  marks  its  track  from 
the  spine  to  the  base  of  the  skull.  This  was  the  first  attempt 
to  attach  a  morphological  value  to  a  spinal  ligament. 
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Rathke,  in  his  masterly  account  of  the  development  of  the 
turtle,  shows  most  conclusively  that  the  odontoid  bone  of 
this  animal  represents  the  body  of  the  atlas.  This  view  of 
the  nature  of  the  odontoid  process  has  been  confirmed  by 
many  investigators,  including  J.  Muller,  Robin,  and  Hasse. 
Later,  Luschka  recognised  that  the  pulpy  nucleus  in  the 
middle  of  the  intervertebral  discs  is  in  part  the  remains  of 
the  notochord.  In  Man  a  definite  suspensory  ligament  is 
only  found  attached  to  the  odontoid  process,  yet,  as  Jager 
noticed,  in  birds  a  suspensory  ligament  exists  in  other  parts 
of  the  spinal  column.  In  a  typical  condition,  the  arrange¬ 
ment  is  like  this  : — 

Between  the  centra  of  contiguous  vertebrae  there  is  a 
fibro- cartilaginous  ring,  which  is  continued  inwards  in  the 
form  of  a  disc  which  has  free  anterior  and  posterior  faces. 
This  portion  is  called  the  meniscus,  and  it  thins  away  towards 
the  centre,  which  is  always  perforated.  The  meniscus,  when 
perfect,  divides  the  space  between  the  centra  of  apposed 
vertebrae  into  two  synovial  cavities.  The  central  perforation 
in  the  meniscus  is  traversed  by  a  ligament,  which  in  the  chick 
contains  the  remains  of  the  intervertebral  portion  of  the 
notochord.  In  some  instances  the  meniscus  is  reduced  to  a 
mere  rudiment,  in  others  it  is  united  with  the  vertebral 
bodies,  whilst  in  the  caudal  region,  in  its  relation  to  the 
bodies  of  the  vertebrae  it  resembles  an  ordinary  inter¬ 
vertebral  disc. 

The  condition  of  these  menisci  varies  much  among  birds. 
In  pigeons  and  fowls  the  menisci  and  suspensory  ligaments 
are  present  in  perfect  condition.  When  carefully  dissected, 
the  cervical  vertebrae  and  discs,  alternating  and  suspended 
by  the  ligaments,  present  a  striking  picture. 

The  Odontoid  Process 

Man’s  odontoid  process  and  its  ligaments  have  always 
been  attractive  to  the  purely  human  anatomist.  Cunning¬ 
ham  increased  this  interest  by  finding  in  the  body  of  the 
axis  a  disc  of  cartilage  embedded  in  bone  (Fig.  30).  This 
disc,  best  marked  in  young  subjects,  gradually  becomes 
smaller  as  life  advances,  and  disappears  in  extreme  old  age. 
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The  odontoid  process  is  the  dissociated  body  of  the  atlas 
fused  to  the  body  of  the  axis.  In  the  embryo  the  notochord 
passes  through  it  from  the  spine  to  the  base  of  the  skull. 
At  an  early  stage,  between  the  cartilaginous  odontoid 

process  and  axis  there  is  a  ‘‘  swelling  ” 
of  the  notochord,  as  in  other  intervertebral 
regions,  which  later  is  indicated  by  the 
intervertebral  disc.  In  adult  life,  the 
disc  between  the  odontoid  process  and 
the  body  of  the  axis  is  enclosed  by  bone. 
The  odontoid  has  independent  paired 
centres  of  ossification.  It  persists  as  a 
separate  bone  in  turtles,  lizards,  and 
crocodiles,  and  in  a  mammal,  ornitho- 
rhynchus.  In  Man  and  many  mammals 
an  epiphysial  plate  develops  between  it  and  the  body 
of  the  axis,  and  its  neck  is  embraced  by  a  conjugal  ligament. 
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Fig.  30. — Odontoid 
of  a  youth  in 
section. 
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THE  LIGAMENTS  OF  THE  LARYNX 

An  extraordinary  feature  of  specialised  organs  is  the 
abundance  of  vestigial  structures  directly  and  indirectly 
associated  with  them.  The  organs  of  sight  and  hearing,  the 
brain,  and  the  reproductive  organs  afford  many  striking 
examples.  It  is  the  object  of  this  chapter  to  show  that 
the  organ  of  speech — the  larynx — is  no  exception. 

In  order  to  study  in  their  full  meaning  the  vestigial  and 
specialised  parts  of  the  vocal  organs,  it  is  convenient  to 
compare  the  larynx  of  Man  with  that  of  a  whale. 

The  False  Vocal  Chords. — These  are  described  in 
Quain’s  Anatomy  thus  : — ■ 

The  superior  thyro-arytenoid  ligaments  consist  of  a  few 
slight  fibrous  fasciculi,  contained  within  the  folds  of  mucous 
membrane  forming  the  false  vocal  cords,  and  are  fixed  in 
front  to  the  angle  between  the  alse  of  the  thyroid  cartilage, 
somewhat  above  its  middle,  and  close  to  the  attachment  of 
the  epiglottis ;  behind  they  are  connected  to  the  tubercles 
on  the  rough  anterior  surface  of  the  arytenoid  cartilages. 

Critical  dissections  of  these  ligaments  show  that,  instead 
of  being  attached  exclusively  to  the  thyroid  cartilage,  they 
become  connected  with  the  pedicle  or  base  of  the  epiglottis. 
Embedded  in  these  ligaments  we  find  the  cuneiform  cartilages 
(Wrisberg’s),  and  on  tracing  them  backwards  the  fibrous 
bands  will  be  found  to  send,  from  their  points  of  attachment 
to  the  arytenoids,  accessory  slips  to  the  cornicula  laryngis 
(Santorini’s).  (Fig.  31.) 

When  the  corresponding  parts  are  examined  in  a  foetal 
porpoise  (Fig.  32),  the  epiglottis  is  easily  recognised,  whilst 
the  long  cartilages  parallel  with  it  are,  as  Howes  pointed 
out,  enormously  elongated  cornicula  laryngis.  The  epi¬ 
glottis  in  the  young,  as  in  the  adult,  porpoise  is  azygous. 
The  cornicula  remain  separate  throughout  life,  but  are 
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united  by  means  of  dense  fibrous  tissue.  The  extremities 
of  the  epiglottis  and  the  cornicula  are  swollen  so  as  to  enable 
the  larynx  to  be  “  buttoned  ”  into  the  soft  palate,  this 
allowing  it  to  project  into  the  posterior  narial  orifice.  The 
cornicula  are  separated  from  the  cricoid  by  means  of  carti¬ 
lages  representing  the  arytenoids.  On  examining  the  base 
of  each  corniculum  a  style-like  process  is  found  to  project 
between  the  arytenoid  and  epiglottis,  to  become  connected 
by  means  of  fibrous  tissue  with  a  piece  of  cartilage  projecting 

from  the  base  of  the  epiglottis. 
Some  nodules  of  cartilage  lie  in 
this  fibrous  tissue. 

The  Great  Ant-eater  has  a 
well-marked  intra-narial  epi¬ 
glottis  ;  from  each  side  of  the 
base  of  the  epiglottis  a  rounded 
piece  of  cartilage  passes  back¬ 
wards  and  terminates  in  a 
pointed  extremity  overtopping 
the  arytenoid  cartilage  (Fig.  33). 
These  parallel  cartilaginous  bars 
cause  projections  of  the  mucous 
membrane  and  constitute  the 
false  vocal  cords,  the  rods  of 
cartilage  representing  in  Man 
the  thyro-arytenoid  ligaments, 
the  cuneiform  cartilages,  and  the  cornicula  laryngis. 

In  the  horse  the  base  of  the  epiglottis  is  furnished  with 
a  pair  of  processes  which  project  into  the  false  vocal  cords. 

So  far  as  Man  is  concerned,  the  false  vocal  cords,  with  the 
cuneiform  cartilages,  are  the  degenerate  representatives  of  the. 
bar  of  cartilage  hy  means  of  which  the  epiglottis  and  cornicula 
were  originally  united,  and  with  the  eornicula  laryngis  must 
be  regarded  as  vestigial  structures. 

The  True  Vocal  Cords,  often  called  the  inferior 
thyro-arytenoid  ligaments,  consist  of  closely-arranged 
elastic  fibres  attached  anteriorly  to  the  middle  of  the 
receding  angle  of  the  thyroid  cartilage,  and  behind  to  the 
base  of  the  arytenoid  cartilages.  On  close  dissection  they 
will  be  found  intimately  connected  with  the  thyro-arytenoid 


Fig.  31. — The  human  epiglottis, 
E ;  the  false  cord  with  Wrisberg's 
cartilage,  w;  The  corniculum, 
c;  arytenoid  cartilage.  A;  the 
hyo-epiglottideus,  he  (diagram¬ 
matic). 
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muscle;  indeed,  many  fibres  of  this  muscle  are  directly 
continuous  with  the  cords.  This  relation  suggests  that  the 
cords  have  been  derived  from  the  thyro-arytenoid  muscles, 
the  more  so  as  the  true  vocal  cords  are  structurally  tendon. 
This  view  is  confirmed  by  an  examination  of  the  larynx 
of  the  Great  Ant-eater  (Fig.  33).  In  this  mammal  the  cords 
are  broad  bands,  lacking  the  sharp,  definite  edges  seen  in 
Primates  ;  the  thyro-arytenoid  muscle,  too,  is  round  and 
compact  in  appearance.  When  this  muscle  is  dissected  away 


Fig.  32. — The  larynx  of  a  porpoise.  E,  epiglottis ;  c,  comiculum ; 

A,  arytenoid;  o',  cricoid;  he,  hyo-epiglottideus  muscle;  H,  hyoid 
bone  in  section. 

the  true  cords  also  disappear.  The  muscle  is  devoid  of 
tendon,  except  that  aspect  of  it  which  is  immediately 
subjacent  to  the  laryngeal  mucous  membrane;  here  the 
surface  of  the  muscle  presents  a  glistening  tract  of  fine, 
thin,  delicate  tendons,  constituting  the  true  vocal  cord. 

In  the  horse  a  similar  disposition  of  muscle  may  be  seen, 
and  after  dissecting  away  the  thyro-arytenoideus  and 
examining  the  vocal  cords,  we  shall  find  them  to  contain 
tracts  of  muscular  tissue. 

These  facts  indicate  that  the  true  vocal  cords  arise  from 
the  tendinous  metamorphosis  of  those  fibres  of  the  thyro-ary¬ 
tenoideus  muscle  subjacent  to  the  laryngeal  mucous  membrane. 
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It  has  been  urged  as  unlikely  that  muscle  tissue  should 
metamorphose  into  such  highly-elastic  tissue  as  that  com¬ 
posing  the  vocal  cords.  A  parallel  example  is  the  tensor 
patagii  in  the  wings  of  birds,  which  is  occasionally  entirely 
replaced  by  exceedingly  elastic  tendon,  perhaps  even  more 
elastic  than  the  vocal  cords  of  Man. 

The  Hyo-epiglottidean  Muscle. — In  the  horse  this 
muscle  is  situated  beneath  the  mucous  membrane  which  con¬ 
stitutes  the  glosso-epiglottic  fold.  The  muscle  fibres,  some¬ 
what  pale,  are  embedded  in  the 
fatty  tissue  at  the  root  of  the 
tongue,  immediately  adjacent  to 
the  base  of  the  epiglottis.  The 
muscle  is  fusiform  in  shape,  and 
arises  from  the  lingual  aspect  of 
the  epiglottis,  and  passes  to  an 
ii^^^ertion  in  the  hollow  of  the 
glosso-hyal ;  near  its  insertion  the 
muscle  sends  off  two  lateral  por¬ 
tions  to  be  attached  to  the  cerato- 
hyal  (lesser  cornu  of  Man)  on  each 
side. 

In  the  porpoise  the  hyo-epiglot- 
tideus  arises  from  the  dorsal  aspect 
of  the  basi-hyal  as  two  distinct 
muscles,  but  they  soon  fuse  into 
a  single  mass  of  some  size,  and 
gain  an  insertion  into  the  median 
ridge  on  the  lingual  aspect  of  the 
epiglottis  by  means  of  a  distinct 
tendon.  In  some  Cetaceans  {Globiocephalus)  it  has  been 
seen  double. 

In  Man,  a  stout  band  of  fibrous  tissue  passes  from  the 
lingual  aspect  of  the  epiglottis,  and  is  attached  to  the  upper 
and  anterior  aspect  of  the  basi-hyal ;  this,  the  hyo-epiglottic 
ligament,  is  the  degenerate  representative  of  the  muscle  of 
that  name,  as  seen  in  the  whale  and  horse ;  it  is  well  deve¬ 
loped  in  ant-eaters,  in  the  spider-monkey,  and  very  many 
mammals.  In  Man  the  hyo-epiglottic  ligament  is  occasion¬ 
ally  replaced  by  muscular  tissue. 


Fig.  33. — Ewc,  the  epiglottis  in 
the  Great  Ant-eater,  with  the 
cartilage  representing  the 
false  cord,  Wrisberg’s  carti¬ 
lage,  and  the  comiciilura ; 
HE,  the  hyo-epiglottic  muscle ; 
T,  the  thyro-arytenoideus 
muscle. 
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In  the  horse  a  stout  process  projects  from  the  middle 
of  the  basi-hyal,  and  is  known  as  the  glosso-hyal ;  it  is  into 
this  process  that  the  hyo-epiglottideus  is  inserted,  as  well 
as  into  the  basi-hyal.  In  Man  the  glosso-hyal  is  indicated 
by  a  small  tubercle  in  the  centre  of  the  basi-hyal :  occasionally 
it  is  a  process  2  mm.  or  more  in  length. 


Summary 

1.  The  true  vocal  cords,  or  the  inferior  thyro-arytenoid 
ligaments,  arise  from  the  tendinous  metamorphosis  of  those 
fibres  of  the  thyro-arytenoid  muscle  subjacent  to  the 
laryngeal  mucous  membrane. 

2.  The  false  vocal  cords,  or  the  superior  thyro-arytenoid 
ligaments,  represent,  with  the  cuneiform  cartilages,  an  old 
communication  between  the  epiglottis  and  the  cornicula 
laryngis ;  the  cornicula  are  vestigial  structures  in  most 
mammals. 

3.  The  hyo -epiglottidean  ligament  in  the  human  subject 
is  the  fibrous  representative  of  a  well-formed  muscle  in 
many  mammals. 

The  Comparative  Anatomy  of  the  la,rynx  indicates  that  the 
original  use  of  the  vocal  cords  was  the  protection  of  the  air 
passages  from  the  intrusion  of  foreign  bodies,  speech  being 
a  function  acquired  later. 

Howes,  G.  B.,  “The  Intra-narial  Epiglottis,”  Journ.  of  Anal,  and 
Phys.,  1889,  xxiii.  263  and  587. 
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THE  MUSCLES  OF  THE  ORBIT 

Can  any  one  dissect  the  orbit  without  feeling  a  deep  inter¬ 
est  in  the  neat  set  of  anatomical  structures  it  contains  ?  A 
little  anatomical  world  !  The  study  of  the  morphology  of 
its  muscles  increases  the  interest.  The  muscles  form  two 
sets — one  set  moves  the  globe  and  the  other  the  lids.  Those 
that  move  the  globe  number  six,  four  straight  and  two 
oblique.  The  straight  muscles,  from  their  position  in  Man’s 
orbit,  are  known  as  recuus  superioris,  rectus  inferioris,  rectus 
internus,  and  rectus  externus.  These,  according  to  their 
position,  move  the  eyeball  upwards,  downwards,  inwards, 
and  outwards.  The  oblique  muscles  produce  rotatory  move¬ 
ments,  and  the  complex  movements  occurring  from  the 
combined  actions  of  the  oblique  and  straight  muscles  have 
led  to  much  controversy  and  speculation. 

The  straight  muscles  are  thin  straps  arising  around  the 
optic  foramen,  at  the  apex  of  the  orbit,  and  are  inserted  into 
the  sclerotic  coat  of  the  eye  near  the  margin  of  the  cornea. 
They  form  a  hollow  cone  around  the  optic  nerve.  The 
oblique  muscles  lie  outside  this  muscular  cone.  The  superior 
oblique  is  sure  to  attract  attention,  because  it  threads  a 
neat  fibrous  pulley  at  the  inner  (nasal)  corner  of  the  orbit ; 
this  pulley  deflects  it  at  right  angles,  to  be  inserted  on  the 
globe,  towards  the  outer  part  of  its  periphery.  The  inferior 
oblique  is  a  short  muscle  arising  from  the  floor  of  the  orbit 
at  a  spot  diagonally  opposite  to  the  pulley  of  the  superior 
oblique. 

The  muscles  which  move  the  eyeball  are  liable  to  very  little 
variation  throughout  the  vertebrate  sub -kingdom ;  the 
extraordinary  elongation  of  the  orbits  in  the  hammerhead 
[Zygmna)  is  associated  with  a  marked  change  in  the  straight 
muscles.  In  this  strange  shark  there  is  a  common  tendon  of 
origin  for  the  muscles ;  it  runs  parallel  with  the  optic  nerve 
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for  more  than  half  the  length  of  the  orbit  (Fig.  34).  In  this 
shark  the  superior  oblique  requires  no  pulley,  and  the  muscles 
are  no  longer  proportionately  than  those  of  other  species  of 
shark. 

In  the  basking  shark  {Selache  maxima)  the  ocular  muscles 
are  enormously  developed,  for  they  are  as  thick  as  the  biceps 
of  an  average  man. 


Kg.  34. — Hammerhead,  showing  the  orbital  muscles  arising  from  a 
common  long  tendon  {Museum,  Royal  College  of  Surgeons), 

Compared  with  the  majority  of  Vertebrates,  Man  has  a 
small  number  of  muscles  in  his  orbit.  The  six  muscles  just 
described  are  constant.  There  is,  in  addition,  a  long  muscle 
to  raise  the  upper  eyelid.  Man  and  monkeys  possess  only 
two  eyelids,  but  many  mammals,  birds,  reptiles,  lizards,  and 
amphibians  possess  three.  The  third  eyelid,  known  as  the 
nictitating  or  winking  membrane,  is  a  very  plastic  membrane 
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anatomically  and  morphologically,  moved  by  an  interesting 
set  of  muscles  lodged  in  the  orbit.  The  upper  and  lower  lids 
are  moved  by  a  simple  muscular  mechanism.  The  upper 
lid,  very  movable  in  Man,  is  raised  by  its  special  muscle, 
levator  palpehrce  superioris.  The  lower  lid  is  not  very  mobile, 
and  lacks  a  depressor ;  both  lids  are  closed  by  a  muscle 
with  elliptical  fibres,  the  orbicularis  palpebrarum,  a  muscle 
of  expression,  supplied  by  the  facial  nerve.  In  birds  the 
lower  lid  is  very  mobile,  and  has  a  well-marked  depressor 
muscle  corresponding  in  shape,  dimensions,  and  power  to 
Man’s  levator. 

The  muscles  that  move  the  winking  membrane  may  be 
studied  in  their  simple  condition  in  a  horse  or  a  sheep.  When 
the  levator  palpebrse,  the  four  straight  and  two  oblique 


Fig.  35. — Eye  of  sheep,  showing  the  retractor  bnlbi  muscle. 

muscles,  are  removed,  a  funnel-shaped  muscle  surrounding 
the  optic  nerve  will  be  exposed.  This  is  the  retractor  bulbi, 
and  as  it  resembles  a  cave  lodging  the  optic  nerve,  it  is  also 
called  the  choanoid  muscle. 

The  Retractor  Bulbi. — This  muscle  arises  from  the 
apex  of  the  orbit,  in  common  with  the  straight  muscles.  Its 
origin  is  tendinous  and  narrow,  but  as  the  muscle  advances 
along  the  orbit,  it  spreads  out  like  the  gamopetalous  corolla 
of  a  primrose,  and  envelops  the  optic  nerve,  which  resembles 
the  style.  The  expanded  portion  of  the  muscle  is  inserted 
into  the  sclerotic  coat  of  the  eye,  within  the  embrace  of  the 
four  straight  muscles  (Eig.  35).  It  is  supplied  by  the  motor 
oculi.  When  the  retractor  bulbi  acts,  it  draws  the  eyeball 
into  the  orbit,  and  at  the  same  time  the  third  eyelid,  or  nicti¬ 
tating  membrane,  slips  across  the  cornea.  When  the  muscle 
relaxes,  the  membrane,  being  elastic,  retreats  and  refolds 
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itself  on  the  nasal  side  of  the  orbit,  like  a  folding  blind  or 
shutter.  Veterinary  anatomists  teach  that  when  the  re¬ 
tractor  draws  the  globe  backwards  the  pressure  causes  the 
soft  fat  within  the  orbit  to  bulge  forwards  and  thus  push  the 
nictitating  membrane  over  the  eye.  Whichever  explanation 
may  be  offered,  this  at  least  is  true  :  the  retractor  muscle 
is  responsible  for  the  movement  of  the  membrane  across  the 
eye.  When  a  horse  is  suffering  from  tetanus,  it  is  well  known 
that  if  the  eyelids  be  opened  during  a  spasm,  the  nictitating 
membrane  will  be  found  spread  in  front  of  the  cornea. 
There  is  no  retractor  bulbi  in  Man’s  orbit,  but  on  careful 
dissection  a  fibrous,  funnel-shaped  tunic  will  be  found  lying 
within  the  embrace  of  the  four  straight  muscles,  intimately 
associated  with  them,  and  embracing  the  optic  nerve.  The 
anterior  portion  of  the  tunic  spreads  out  on  the  posterior 
part  of  the  sclerotic,  repeating  the  method  of  insertion  of 
the  retractor  bulbi.  This  tunic,  or  capsule,  was  described 
by  the  French  anatomist  and  surgeon.  Tenon,  and  named 
after  him  Tenon’s  Capsule.  A  critical  examination  of  this 
capsule  in  the  orbit  of  Man  and  monkeys  convinces  me  that 
it  is  the  degenerate  representative  of  the  retractor  bulbi  as 
surely  as  the  little  pleat  of  mucous  membrane,  known  as 
the  semilunar  fold,  is  the  vestige,  or  remnant,  of  the  third 
eyelid. 

The  Muscles  oe  the  Eyelid 

Birds. — The  muscular  mechanism  of  the  third  eyelid,  or 
nictitating  membrane,  is  easily  studied  in  a  large  bird  such 
as  a  turkey,  owl,  eagle,  or  ostrich.  The  membrane  is  neatly 
folded  in  the  nasal  side  of  the  orbit,  and  lies  between  the  eye 
and  its  lids ;  it  sweeps  across  the  cornea  at  right  angles  to 
the  e3^elids.  A  special  gland  supplies  fluid  to  facilitate  its 
movements.  It  is  amusing  to  watch  the  membrane  glide 
over  the  eye,  especially  in  big  birds.  In  the  owl,  eagle,  and 
shoebill  it  is  pearly  white.  The  movements  are  very  deliberate, 
and  give  these  birds  a  weird  appearance.  The  shoebill  is 
very  grotesque,  with  its  huge  bill,  feathery  crest,  and  large 
eyes  (Fig.  36),  but  when  the  nictitating  membrane  slips 
across  the  eye  like  a  movable  shade  on  a  lamp,  or  more 
slowly,  producing  crescent  shapes  resembling  the  phases  of 
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the  moon,  the  effects  are  singularly  attractive  and  unfor¬ 
gettable.  The  muscles  that  work  the  nictitating  membrane 
are  lodged  within  the  orbit  and  attached  to  the  globe ;  they 
can  be  easily  dissected  in  big  birds  like  rooks,  owls,  or  turkeys. 


Fig.  36. — Head  of  shoebill.  The  insets  show  the  eye  in  partial  and 

complete  eclipse. 


Two  muscles,  known  as  the  pyramidalis  and  the  quadratus, 
move  the  nictitating  membrane.  The  quadratus  arises 
from  the  sclerotic  above  the  optic  nerve,  and  its  narrowest 
border,  the  one  nearest  the  optic  nerve,  forms  a  sling  (Fig.  37). 
The  pyramidalis,  or  nictitator  muscle,  arises  from  the  nasal 
side  of  the  sclerotic,  and  ends  in  a  long,  neat  tendon  that 
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plays  in  the  loop  or  sling  of  the  quadratus;  it  then  winds 
round  the  convexity  of  the  globe,  under  the  conjunctiva,  and 
ends  in  the  lower  angle  of  the  nictitating  membrane.  In  fact, 
the  free  border  of  this  membrane  may  be  described  as  the 
terminal  expansion  of  the  tendon  of  the  pyramidalis.  The 
muscular  sling  formed  by  the  quadratus  not  only  facilitates 


Fig.  37. — Head  of  turkey.  The  insets  show  the  pyramidalis  and 
quadratus,  also  the  termination  of  the  tendon  in  the  nictitating 
membrane.  The  relation  of  the  tendon  is  also  shown  in  the  large 
figure. 

the  action  of  the  pyramidalis,  but  prevents  contact  of  the 
tendon  and  the  optic  nerve.  When  the  pyramidalis  con¬ 
tracts  it  pulls  the  membrane  over  the  eye;  the  membrane 
retracts  and  refolds  by  its  own  elasticity. 

Crocodiles. — In  the  crocodile  the  nictitating  membrane 
is  transparent,  and  when  the  brute  is  under  water,  though  the 
membrane  is  drawn  across  the  eye,  he  can  watch  an  enemy 
or  an  intended  victim  with  advantage. 

G 
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Quite  unconcerned  he  seems  to  lie. 

Moves  neither  tail  nor  claws, 

But  when  he  winks  that  watchful  eye 
The  prey  is  in  his  jaws. 

• 

In  crocodiles  and  alligators  the  third  eyelid  is  drawn 
across  the  eye  by  a  powerful  nictitator  which  arises  from  the 
nasal  side  of  the  sclerotic  and  extends  as  a  thick  muscle  half 
across  the  circumference  of  the  globe  (Fig.  38) ;  it  ends  as 
usual  under  the  conjunctiva,  in  the  lower  corner  of  the  third 
eyelid. 

Lizards. — The  muscles  which  move  the  nictitating  mem¬ 
brane  of  lizards  are  even  more  modified  than  those  of  birds. 

For  lizards,  living  in  sandy  deserts, 
eyelids  are  of  great  importance, 
and  extraordinary  changes  take 
place  in  them.  In  some,  the  eyes 
are  protected  by  special  shields 
and  plates  developed  from  the 
scales  and  skin.  Ahlepharus,  a 
lizard  of  the  Transcaspian  Desert, 
has  the  lower  eyelid  fused  with  the 
upper.  It  is  transparent,  and, 
like  a  window,  lets  in  light  but 
excludes  sand. 

In  1914,  when  the  South 
African  force  was  at  Luderitz  Bay,  the  sand,  blown  by 
the  prevailing  wind,  proved  so  troublesome  that  the  eyes 
of  the  transport  mules  required  protection  by  goggles. 

In  lizards  a  long,  slender  tendon,  fixed  to  the  roof  of  the 
orbit,  passes  in  the  usual  fashion  to  the  lower  corner  of  the 
nictitating  membrane  (Fig.  39).  At  the  level  of  the  optic 
nerve  this  tendon  thi’eads  a  sling  in  the  bursalis  muscle, 
which  muscle  represents  the  retractor  bulbi  of  mammals ;  it 
arises  from  the  back  of  the  orbit,  runs  parallel  with  the  optic 
nerve,  and  is  inserted  into  the  sclerotic  coat  of  the  eye. 
When  the  bursalis  contracts  it  acts  on  the  tendon  and 
draws  the  nictitating  membrane  across  the  eye.  It  is  a 
rare  arrangement  for  a  muscle  to  be  inserted  into  the 
tendon  of  another  muscle.  There  is  an  example  in  Man 
in  his  foot :  the  muscle  is  called  accessorius  (see  p.  30). 


Fig.  38. — Eye  of  an  alligator, 
showing  the  powerful  muscle 
that  moves  the  third  eyelid, 
and  the  retractor  bulbi. 
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The  pyramidalis  is  curiously  modified.  In  crocodiles 
it  is  relatively  big  and  muscular  throughout.  In  birds  it  is 


Fig.  39. — The  orbit  of  a  monitor  {Varanus  salvator).  The  eye  has 
been  removed,  in  order  to  show  the  tendon  representing  the 
pyramidalis  and  its  relation  to  the  nictitating  membrane ;  and  a 
portion  of  the  biirsalis  muscle  {Mtis.  R.  College  of  Surgeons). 


one-fourth  muscle  and  three-fourths  tendon.  In  lizards 
the  pyramidalis,  entirely  represented  by  a  tendon,  is  acti¬ 
vated  by  the  retractor  (bursalis)  muscle.  In  sheep  and  many 
mammals  the  retractor  works  the  nictitating  membrane 
indirectly  by  acting  on  the  globe.  In  Man  it  is  represented 


Fig.  40. — The  stargazer  {Astrosco'pus). 


by  a  fibrous  funnel  that  serves  as  the  wall  of  a  lymph- 
channel.  In  a  fish,  Astfoscofpus  (Eig.  40),  some  of  the  orbital 
muscles  become  electric  organs. 
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Electric  Muscles  in  the  Orbit 

The  contractile  substance  of  muscles  is  structureless  and 
enclosed  in  a  husk,  called  the  sarcolemna.  The  jelly  in  each 
muscle-husk  receives  the  terminal  of  a  motor-nerve,  and 
serves  as  a  means  for  the  discharge  of  the  force  developed  in 
nerve-cells.  Muscles  become  heated  when  at  work  and  the 
energy  developed  by  the  active  muscle  appears  as  motion, 
heat,  and  electricity. 

Embryologists  have  discovered  that  in  spite  of  the  differ¬ 
ences  in  structure  of  muscle-cells  and  nerve-cells  they  have 
the  same  origin,  but  nerve-cells  are  modified  to  originate 
impulses  which  are  conducted  by  the  nerves  and  discharged 
by  muscles. 


Fig.  41. — young  skate  {Ewart).  In  this  stage  its  future  electric 

organs  are  muscles. 

Organs  are  not  strictly  adapted  to  one  purpose ;  they  have 
a  main  function  and  subsidiary  functions.  Changes  may 
gradually  affect  an  organ  and  a  secondary  function  become 
dominant.  This  happens  to  a  surprising  degree  in  some 
fishes,  for  definite  tracts  of  muscle  are  so  modified  that  the 
electric  property  predominates.  In  such  fishes  the  electrical 
muscles,  like  ordinary  muscles,  are  under  voluntary  control, 
and  become  exhausted  by  excessive  use. 

Electric  muscles  exist  in  several  fishes — torpedo,  skate, 
electric  eel,  the  stargazer,  and  the  mormyr,  a  fish  of 
peculiar  shape  living  in  the  Nile.  It  was  venerated  by  the 
ancient  Egyptians  and  depicted  on  monuments.  The  proof 
that  electric  organs  are  modified  muscles  is  furnished  by 
the  skate.  In  this  fish  the  electric  muscles  lie  in  the  tail. 
When  the  skate  is  young  and  like  a  big  tadpole  (Eig.  41) 
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its  electric  organs  are  muscles,  and  Ewart  succeeded  in 
tracing  the  transformation  of  the  muscle-cells  into  electric- 


Spinal cord 


Electric  organ  Aorta  Muscle 

Fig.  42. — Transverse  section  of  a  skate  to  show  the  electric  muscle 

{Burdon  Sanderson). 

cells  (Fig.  42).  All  the  known  examples  of  electric  organs 
are  confined  to  fishes. 


Fig.  43. — Orbit  of  the  stargazer,  dissected  to  show  the  electric  muscle. 

The  eyes  of  the  stargazer  are  on  the  top  of  its  head,  and  the 
mouth  is  in  such  a  position  that,  without  knowledge  of  the 
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cunning  contrivance  in  the  orbits,  it  would  not  be  easy  to 
understand  how  this  fish  secures  food.  Each  orbit  is  roofed 
with  a  patch  of  soft  skin,  and  this  covers  an  electric  organ 
(Fig.  43).  The  fish  lies  in  the  sand,  and  small  fishes  passing 
over  it,  paralysed  by  an  electric  shock,  tumble  into  its  open 
mouth.  In  an  example  dissected  by  Dahlgren  the  stomach 
contained  a  number  of  small,  swiftly-swimming  fishes,  such 
as  young  herring  and  mackerel.  The  electric  organ  lies  in 
the  midst  of  the  orbital  muscles,  and  the  inferior  rectus  is 
intimately  connected  with  it.  It  receives  a  large  branch  from 
the  third  nerve  and  branches  from  the  trigeminus  (Sylvester). 

Dahlgrenu  and  Sylvester,  C.,  Anat.  Anzeiger,  1906,  xxix.  387. 
Lockwood,  C.  B.,  Journ.  of  Anat.  and  Phys.,  1886,  xx.  1. 

Tenon,  J.  R.,  Mkmoires  et  Observations  sur  V Anatomie,  Paris,  1806. 
Weber,  M.,  Arch.  f.  N aturgesch.,  1877,  xliii.,  Bd.  1,  261. 


Fig.  44. — The  mormyr  of  the  Nile. 
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GIZZARDS  AND  COUNTERFEIT  GIZZARDS 

It  is  a  simple  lesson  in  anatomy  to  watch  a  cook  gut  a 
fowl,  open  the  gizzard,  wash  out  the  stones,  and  after  turning 
it  inside  out  skewer  the  gizzard  under  the  one  wing  and 
the  liver  under  the  other.  The  bird  is  then  ready  for  the 
front  of  a  fire  or  the  inside  of  an  oven.  Boys  who  have 
watched  the  trussing  of  fowls  learn  from  this  simple  lesson 
that  cocks  and  hens  are  not  always  gathering  grain  when  they 
diligently  peck  about  the  barn-yard.  They  pick  up  also 
small  stones.  An  inquisitive  boy  asks :  Why  do  birds 
swallow  stones  ?  and  in  this  way  learns  the  relationship 
between  the  absence  of  teeth  in  birds  and  the  need  of  a 
gastric-mill  for  grinding  the  hard  seeds  they  swallow  (Figs. 
45,  46,  47). 

Structure  and  Function  of  the  Gizzard 

The  stomach  of  most  birds  consists  of  a  proventriculus, 
which  is  glandular,  and  the  gizzard,  or  grinding  portion, 
which  has  thick  muscles  and  a  hard  lining.  The  muscularity 
of  the  gizzard  and  the  thickness  of  its  lining  depend  entirely 
on  the  nature  of  the  food,  in  the  same  way  that  the  skin 
covering  the  palm  of  the  hand  varies  with  occupation. 

John  Hunter  experimented  to  find  out  the  nature  and  use 
of  the  gizzard.  The  gull,  a  fish-  and  flesh-eater,  has  a  thin- 
walled  gizzard,  but  when  fed  on  grain  the  walls  thicken  and 
the  gizzard  resembles  that  of  a  grain-eating  bird.  Hunter 
also  noticed  that  when  the  gizzard  is  working  the  noise  of 
the  grinding  can  be  heard  if  the  ear  be  placed  on  the  side  of 
the  fowl — a  simple  and  curious  lesson  in  auscultation.  With 
patience  and  care  cocks  and  hens  soon  submit  quietly  to  the 
examination.  Under  the  X-rays  the  movements  of  the  small 
stones  are  easily  seen,  and  without  distress  to  the  bird. 
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The  grinding  power  of  the  gizzard  in  some  birds  is  great, 
for  the  stones  they  swallow  are  polished  like  pebbles.  Birds 
swallow  hard  bodies  promiscuously.  It  is  not  uncommon  to 
find  in  gizzards  pieces  of  glass  and  crockery,  pins,  needles, 
hooks-and-eyes,  and  occasionally  coins.  Pointed  pieces  of 
metal  sometimes  stick  through  the  walls.  Birds  that  live  on 
fish  often  have  the  gizzard  pierced  with  fish-bones.  The  bus¬ 
tard  is  a  grand  bird,  and  was  at  one  time  common  in  England. 


Fig.  45. — The  gizzard  of  a  turkey,  showing  the  central  tendon  and  its 
relation  to  the  muscular  bundles. 

The  museum  at  Salisbury  contains  two  stuffed  bustards, 
reputed  to  be  the  last  two  examples  shot  on  Salisbury  Plain. 
When  the  gizzards  were  opened  they  contained,  among  other 
stones,  some  flint  arrow-heads.  Pebbles  swallowed  by  fowls 
and  geese  are  sometimes  too  big  to  escape  from  the  gizzard  : 
a  big  pebble  may  become  impacted  in  the  duodenal  orifice 
and  cause  death.  The  symptoms  are  severe,  and  sometimes 
attended  vith  “  cries  of  agony  almost  human-like  in  their 
character.”  The  most  obvious  signs  are  an  enormously 
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Fig.  46. — Gizzard  of  a  turkey  in  section,  showing  the  thick  muscular  walls. 


Fig.  47. — Gizzard  of  a  fowl,  with  stones  in  situ. 
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distended  crop  and  violent  paroxysmal  peristalsis.  The 
bird  ceases  to  feed,  lies  down,  and  after  hours  of  agony, 
dies. 

The  gizzard  of  the  ostrich  is  big  and  powerful.  This 
bird  will  swallow  stones,  glass,  and  glittering  objects, 
particularly  coins,  which  it  will  snatch  from  the  hands  of 
children.  William  Hunter’s  collection  at  Glasgow  contains 
the  gizzard  of  an  ostrich  with  a  wooden  peg  three  inches 


Fig.  48.- — Gizzard  of  a  snake-bird  open  and  showing  the  hairy  strainer 

in  the  pyloric  bulb. 

long  sticking  through  a  hole  in  its  wall.  This  gizzard  also 
contained  pieces  of  a  silver  buckle.  I  found,  among 
other  odd  things,  forty-nine  bronze  coins  and  a  fourpenny- 
bit  in  the  gizzard  of  an  ostrich  that  had  long  been  in 
the  Zoological  Gardens,  Regent’s  Park.  The  coins  were 
smoothed,  and  some  were  thinned  and  edged  like  knives. 
An  ostrich  in  the  menagerie  at  Clifton  swallowed  a  Book  of 
Common  Prayer  and  died  soon  afterwards.  Dr.  Harrison 
examined  the  bird  and  found  the  remnants  of  the  book. 
Nearly  the  whole  of  this  Prayer-Book  had  been  destroyed. 
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but  the  Thirty-nine  Articles  were  intact;  even  an  ostrich 
found  them  indigestible — too  many  and  too  much. 

One  of  the  most  remarkable  gizzards  among  birds  is  found 
in  the  snake-bird  or  darter ;  it  has  a  third  compartment, 
known  as  the  pyloric  bulb,  that  leads  into  the  duodenum 
(Fig.  48).  The  bulb  is  beset  with  a  thick  fringe  of  hairs 
serving  as  an  excellent  strainer  to  hinder  fish-bones  entering 
the  narrow  intestine.  Snake-birds  are  voracious  fish-eaters. 
Hairs  are  sometimes  found  on  the  walls  of  the  cuckoo’s 
gizzard,  but  they  have  a  different  origin. 


Hair-balls 

The  nature  and  direction  of  the  movement  of  the  stomach 
have  occupied  the  attention  of  many  physiologists.  It  is  a 
matter  of  common  observation  that  hairy  animals  lick  their 
skins  and  swallow  the  hair,  which  is  felted  by  the  motion  of 
the  stomach  and  forms  a  ball.  When  such  a  ball  is  divided 
the  hairs  will  be  found  to  lie  in  the  same  direction.  Hunter 
noted  that  this  effect  could  only  be  produced  by  a  regular 
motion  of  the  stomach.  He  studied  the  arrangement  of  the 
fine  hairs  that  are  occasionally  found  in  the  gizzard  of  the 
cuckoo.  In  certain  seasons  this  bird  lives  on  the  hairy 
caterpillars  of  the  tiger  moth  known  as  woolly  bears,  and 
the  hairs  stick  on  the  walls  of  the  gizzard  and  acquire  a 
regular  spiral  arrangement  due  to  its  rotatory  motion. 

Oat-hair  Concretions 

The  Hunterian  collection  contains  a  number  of  con¬ 
cretions,  irregular  in  form  and  of  various  sizes,  found  in  the 
great  intestine  of  men  and  women  who  lived  for  the  most 
part  in  Scotland  and  the  northern  counties  of  England. 
These  concretions,  large  examples  of  which  may  be  as  big 
as  the  fist,  are  dirty  white  or  brown,  smooth  externally, 
and  exceedingly  light.  On  section  they  displayed  concentric 
layers  of  a  fibrous  substance,  felted,  velvety  to  the  touch, 
and  with  a  foreign  body,  such  as  a  piece  of  bone,  or  metal, 
or  a  fruit  stone,  for  the  nucleus  (Fig.  49).  Alexander  Munro, 
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sen.,  had  in  his  collection  forty-two  examples  of  such  con¬ 
cretions,  varying  in  size  from  a  pea  to  masses  six  inches  in 
circumference. 

Oat-hair  concretions  puzzled  many  until  their  composition 
was  detected  by  Wollaston.  He  found  that  they  consisted 
for  the  most  part  of  velvety  vegetable  fibres  pointed  at  both 
ends,  and  this  led  him  to  suspect  that  the  concretions  arose 
from  some  kind  of  food  peculiar  to  Scotland.  Clift,  the  con¬ 
servator  of  Hunter’s  museum,  suggested  to  Wollaston  that 
the  fibres  might  come  from  oats,  and  on  examining  oats,  the 
vegetable  material  of  the  concretions  was  found  to  be  identi¬ 
cal  with  the  fine  hair -like  bodies  within  the  husks.  Portions 
of  oat-husks  and  other  vegetable  fibres  are  found  in  the  con¬ 
cretions,  and  it  was  definitely  established 
that  they  chiefiy  occur  in  persons  who 
live  upon  undressed  oatmeal.  A  cen¬ 
tury  ago  oat-hair  concretions  were 
common  in  Scotland,  but  they  are  un¬ 
common  now,  and  this  is  probably  due  to 
improvements  in  dressing  oatmeal  and 
the  decreased  use  of  it  as  a  food. 

Oat-hair  concretions  occur  in  horses, 
usually  in  the  csecum  and  colon.  The  farrier  calls  them 
‘‘  dung -balls.” 


Fig.  49. — Oat-hair  con¬ 
cretion  in  section. 


Counterfeit  Gizzards 

Outside  of  the  bird  tribe  there  are  animals  wdth  stomachs 
so  modified  as  to  resemble  gizzards.  The  most  remarkable 
are  the  gizzard  trout,  the  grey  mullet,  the  crocodile,  and 
the  ox. 

The  Gizzard  Trout  and  Grey  Mullet. — Hunter 
made  a  special  study  of  the  stomach  of  the  gizzard  trout 
and,  as  lawyers  would  say,  he  stated  a  case  which  is  well 
worth  consideration. 

In  the  gillaroo  trout,  known  in  Ireland  as  the  gizzard 
trout,  a  portion  of  the  siphonal  stomach  is  thick  and  muscu¬ 
lar  for  crushing  the  shells  of  the  freshwater  molluscs  on 
which  it  feeds.  The  stomach  of  this  trout  is  more  globular 
than  that  of  most  fishes,  and  endued  with  sufficient  strength 
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to  break  the  shells  of  small  molluscs,  but  it  can  scarcely 
possess  any  power  of  grinding,  as  the  whole  cavity  is  lined 
with  a  fine  villous  coat. 

The  grey  mullet  [Mngil)  has  a  stomach  that  approaches  in 
structure  and  function  very  closely  the  gizzard  of  a  grain¬ 
eating  bird.  This  fish  has  feeble  teeth,  and  lives  on  minute 
organisms  mixed  with  sand.  The  second  portion  of  the 
stomach  is  globular  and  thick;  the  muscular  tissue  is 
arranged  circularly  and  is  equal  in  thickness  throughout,  and 
the  stomach  has  a  thick  lining. 

Hunter  came  to  the  conclusion  that  neither  the  stomach 
of  the  gillaroo  trout  nor  that  of  the  grey  mullet  can  be 
justly  ranked  as  gizzards ;  they  want  ‘‘  a  power  and  motion 
fitting  for  grinding  and  a  horny  cuticle.”  His  opinion 
reminds  me  of  a  considered  legal  judgment  on  a  contentious 
case.  The  judge  discusses  the  facts,  but  does  not  settle  the 
matter. 

It  is  not  easy  to  frame  a  definition  of  a  gizzard,  and  in 
order  to  show  the  difficulty,  it  will  be  worth  while  to  consider 
the  counterfeit  gizzards  of  crocodiles  and  oxen. 

The  Crocodile’s  Stomach. — In  the  beginning  of 
winter  1764  Hunter  got  a  crocodile  five  feet  long  that  had 
been  in  a  show  several  years  before  it  died.  At  that  time 
crocodiles  were  rare  in  London.  After  making  a  careful 
examination  of  its  viscera,  he  writes  :  ‘‘  The  crocodile  comes 
nearest  to  the  fowl  in  the  structure  of  its  internal  parts 
of  any  animal  I  know.  The  stomach  is  of  the  gizzard  kind 
and  has  a  middle  tendon  on  each  side  about  the  breadth  of 
a  shilling,  and  all  the  fleshy  fibres  pass  to  it.”  The  stomach 
of  one  he  had  from  Jamaica  contained  the  feathers  of  a 
bird  and  a  few  bones.  There  were  stones  in  the  stomach, 
some  bigger  than  the  end  of  a  man’s  thumb,  and  seeds. 
The  Hunterian  Museum  contains  the  skeleton  of  a  crocodile 
shot  in  the  Nile  near  Silsileh  in  1877.  The  brute,  which 
had  been  a  terror  to  the  natives  of  a  long  stretch  of  the 
valley,  was  sixteen  feet  long  and  reputed  to  be  eighty  years 
old.  The  stomach  contained  three  hoofs  of  a  sheep  or  goat, 
a  donkey’s  hoof,  a  donkey’s  bridle,  and  an  ear-ring.  Ker- 
mit  Roosevelt  shot  a  large  crocodile  in  British  East  Africa ; 
in  its  stomach  there  were  sticks,  stones,  the  claw  of  a 
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cheetah,  the  hoofs  of  an  impalla,  big  bones  of  an  eland, 
and  the  shell-plates  of  a  large  river  turtle. 

A  crocodile  shot  in  the  Komati  River,  Portuguese  East 
Africa,  had  in  its  stomach  twenty-two  Kruger  sovereigns ; 
some  of  them  were  bent.  The  museum  of  the  Royal  College 
of  Surgeons  contains  a  large  disc,  composed  of  hair,  probably 
agouti  hair,  taken  from  the  stomach  of  an  alligator  shot  in 
Brazil  by  S.  da  Costa.  The  disc  is  one  foot  in  diameter 
and  six  inches  thick.  The  hair  is  arranged  in  concentric 
layers. 

Stones  are  invariably  found  in  the  stomachs  of  mummified 
crocodiles.  The  presence  of  stones  in  a  stomach  does  not  make 
it  a  gizzard,  for  pebbles  are  often  present  in  large  quantities 
in  the  stomachs  of  seals  and  sea-lions. 

The  Omasum  of  Ruminants. — If  the  capacity  to 
grind  is  the  first  qualification  of  a  gizzard,  the  nearest 
approach  to  one  in  mammals  is  that  compartment  of  the 
complex  stomach  of  ruminants  known  as  the  omasum. 

The  stomach  of  an  ox  consists  of  four  compartments.  The 
first  is  a  large  receptacle  called  the  rumen ;  the  second  is  a 
recess  of  the  rumen,  and  named,  from  its  likeness  to  honey¬ 
comb,  the  reticulum ;  this  when  cleaned  is  the  choicest  kind 
of  tripe.  The  third  compartment,  the  omasum,  is  a  dilata¬ 
tion  of  the  passage  between  the  reticulum  and  the  fourth 
compartment,  the  abomasum,  or  rennet  (Fig.  50). 

The  omasum  is  curious  and  complex ;  it  is  in  a  full-grown 
ox  of  the  same  shape  and  as  big  as  a  football ;  the  walls 
are  thick  and  muscular,  and  the  mucous  membrane  is 
arranged  in  folds  or  leaves  (Fig.  51) ;  nearly  a  hundred  leaves 
hang  from  its  dome,  stretching  from  the  oesophageal  opening 
to  the  entrance  of  the  abomasum.  These  folds  vary  in 
width,  and  produce  an  appearance  like  that  of  the  flies  of  a 
theatre  seen  from  the  stage.  The  folds  earned  for  the  oma¬ 
sum  the  name  of  manyplies,  and  psalterium,  from  its  likeness 
to  a  book.  Butchers  call  it  the  bible. 

The  omasum,  like  the  gizzard,  is  a  triturating  organ,  and 
the  details  of  its  structure  were  described  by  Ellenberger 
(1881).  The  leaves  near  the  entrance  are  beset  with  long 
papillae  resembling  the  teeth  of  a  harrow,  and  hinder  the 
reflux  of  food  to  the  reticulum.  Towards  the  abomasum  the 
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Fig.  SO.-— The  four-chambered  stomach  of  a  calf  {Mus.  E.  College  of  Surgeons). 
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papillse  are  shorter,  closer  set,  and  flattened,  like  the  low 
elevations  on  a  rasp  or  a  file.  The  covering  of  the  leaves  is 
hard,  almost  horny,  and  resistant  to  dilute  solutions  of  acids, 
alkalis,  and  peptic  juices.  The  walls  of  the  omasum  contract 
powerfully;  grass  and  sodden  hay  from  the  rumen  pass 
between  the  leaves  and  are  thoroughly  rasped  by  the  papillae 
before  entering  the  abomasum,  the  true  digestive  compart¬ 
ment.  The  larger  part  of  the  ruminant’s  stomach  is  like  a 
pocket,  non-digestive. 


Fig.  51. — Omasum  of  an  ox  in  transverse  section,  showing  the  oesox3hageal 
opening  and  the  disposition  of  the  folds. 


The  leaves  of  the  omasum  are  occasionally  transfixed  by 
needles  and  pins.  Hunter  observed  that  this  was  common 
in  cows  feeding  in  the  grass  of  bleaching  fields,  but  he  did 
not  realise  the  gizzard-like  action  of  the  omasum. 

In  culinary  art  few  things  are  meaner  than  a  gizzard.  It 
is  only  fit  for  a  dog  to  eat,  but  to  Hunter  it  furnished  food 
for  thought  and  became  the  subject  of  experiment.  It  has 
often  happened  that  observations  made  on  apparently  com¬ 
mon  things  in  nature  have  led  men  to  investigate  some  of 
the  most  profound  problems  of  physics,  of  which  life  is  the 
most  complex  manifestation. 
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Post-mortem  Digestion  of  the  Stomach 

Why  does  the  stomach  not  digest  itself  ?  Many  have 
asked  this  question.  John  Hunter  about  1772  discovered 
that  the  stomach  sometimes  digests  itself  after  death.  His 
first  observation  was  made  on  a  man  who  had  been  killed 
by  one  blow  of  a  poker,  after  taking  a  hearty  supper  of  cold 
meat,  bread,  cheese,  and  ale.  The  stomach  was  dissolved  at 
the  cardiac  end  and  a  considerable  part  of  its  contents  lay 
loose  in  the  general  cavity  of  the  belly.  The  second  case 
occurred  in  a  man  who  died  after  receiving  a  blow  on  the 
head  which  broke  his  skull.  Hunter  subsequently  found 
another  example  in  a  man  who  had  been  hanged. 

These  observations  led  him  to  procure  the  stomachs  of 
vast  quantities  of  fishes  whose  deaths  are  always  violent,  and 
they  are  at  the  time  in  perfect  health  and  usually  with  their 
stomachs  full.  In  some  instances  a  fish  will  swallow  another 
fish,  and  a  part  of  it  will  be  in  the  stomach  and  a  part  in  the 
gullet.  The  part  of  the  fish  in  the  stomach  will  be  dissolved, 
while  the  piece  in  the  gullet  remains  sound.  In  many  of  the 
instances  the  digesting  part  of  the  stomach  was  itself  reduced 
to  the  same  dissolved  state  as  the  digested  food.  Then  it 
struck  him  that  the  stomach,  being  dead,  was  no  longer 
capable  of  resisting  digestion. 

Self-digestion  of  the  stomach  has  been  studied  by  patho¬ 
logists.  Modern  experiments  prove  that  gastric  juice  is  only 
poured  into  the  stomach  when  the  material  to  be  acted  upon 
makes  its  appearance  therein.  When  a  person  dies  with  the 
stomach  empty  it  may  be  found  several  days  after  death 
unaltered.  If  there  be  food  in  the  stomach  and  the  digestion 
process  is  in  operation  when  the  person  dies,  then  on 
examining  the  organ  a  few  hours  after  death  its  coats  may 
be  found  destroyed,  allowing  the  contents  of  the  stomach 
to  escape  into  the  belly. 

Hunter’s  observations  on  post-mortem  digestion  of  the 
stomach  led  him  to  experiment  on  digestion,  and  the 
''  pursuit  led  him  into  an  unbounded  field.”  He  discusses 
the  probability  of  live  animals  being  digested,  and  at  once 
states,  “  no  fresh  proofs  are  necessary,  as  we  eat  oysters 
every  day.”  This  is  no  proof  that  they  are  digested  alive. 

H 
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Snakes  sometimes  swallow  their  prey  alive.  A  girl  whom 
I  knew  kept  tame  snakes  as  pets.  One  day  she  took  a  grass- 
snake  and  two  tree-frogs  in  a  basket  to  amuse  her  friends. 
On  opening  the  basket  she  could  only  find  one  frog  and  the 
snake ;  but  a  bulge  on  the  snake  indicated  the  position  of 
the  other,  so  she  promptly  cut  off  the  snake’s  head  and 
released  the  frog  by  a  post-mortem  coeliotomy.  The  frog 
survived  delivery.  Here  is  another  instance.  Two  boas, 
companions  in  the  same  cage  in  the  Reptile  House  at  the 
Zoological  Gardens,  London,  seized  the  same  rat  at  6  p.m. 
These  snakes  were  nearly  of  the  same  size.  At  six  o’clock 
the  following  morning  only  one  boa  was  visible,  but  the 
officer  in  charge  saw  the  tail  of  a  snake  sticking  out  of  the 
mouth  of  the  boa.  A  keeper  seized  the  tail  of  one  snake ; 
another  keeper  dragged  on  the  tail  of  the  snake  that  had 
been  swallowed  and  gradually  released  it.  An  hour  after 
extraction  this  boa  took  a  rat  on  its  own  account  and  in 
good  style.  What  would  have  happened  to  the  incarcerated 
snake  if  it  had  not  been  delivered  is  not  a  matter  for 
surmise :  it  would  have  been  digested,  as  the  following 
incident  proves  : — 

Some  twenty  years  ago  a  Madagascar  boa  swallowed  a  boa, 
of  nearly  the  same  size,  retained  and  digested  it.  Two  weeks 
later  I  made  a  search  among  the  pebbles  at  the  bottom  of 
the  cage  in  which  the  survivor  lived  and  collected  some  of 
the  vertebrae  belonging  to  the  victim.  All  the  soft  parts 
had  been  thoroughly  cleaned  in  the  process  of  digestion. 

Pythons  are  common  in  Congo  territory ;  some  are 
twenty  feet  long  and  can  swallow  a  goat,  or  a  pig.  When 
the  natives  in  the  Kinchasa  region,  Kwilu  River,  find  a 
python  gorged  with  a  pig,  they  kill  the  snake,  release  the 
pig,  and  eat  the  snake  as  well  as  the  pig.  (Torday.) 

I  have  often  thought  that  live  animals,  such  as  fishes, 
frogs,  lizards,  and  chameleons,  when  swallowed  by  storks, 
bustards,  shoebills,  or  secretary  birds,  must  have  an  un¬ 
comfortable  time  in  the  stomachs  of  their  captors,  and  have 
pictured  to  myself  the  agony  of  being  digested  alive  or  slowly 
ground  to  death  in  a  gizzard  mill.  At  sunrise  I  watched 
some  birds  fishing  in  a  swamp  of  the  White  Nile  near  Tewfikia. 
My  companion  shot  a  marabou,  and  in  its  stomach  I  found 
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seven  cat-fishes  each  the  size  of  a  sprat.  They  were  dead. 
The  back  of  each  had  been  broken  by  the  powerful  bill  of 
the  bird.  It  is  a  fair  inference  that  many  fishes  swallowed 


Fig.  52. — The  Dory  {Zeus  faher),  and  the  fifteen-spined  stickleback. 


by  birds  are  either  killed  or  paralysed  before  they  reach 
the  gizzard. 

Fishes  do  not  always  kill  the  prey  they  swallow.  A  dory 
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living  in  an  aquarium  with  a  fifteen-spined  stickleback  was 
bold  enough,  after  some  consideration,  to  swallow  its  spiny 
companion,  and  for  a  few  seconds  tried  hard  to  bear  the 
tickling ;  it  was  beyond  his  power,  and  he  vomited  the 
stickleback,  which  seemed  none  the  worse  for  the  adventure. 
In  recording  this  event,  Hornell  states  that  when  the  dory 
stalks  a  fish  the  coloured  bands  on  his  sides  intensify  and 
darken.  The  dorsal  fin  goes  up,  and  with  a  swift  dash  the 
great  telescopic  mouth  is  thrown  out — and  the  prey  is  gulped 
(Fig.  52). 

The  black  mark  on  the  side  of  the  dory  is,  by  fishermen  of 
Roman  Catholic  countries,  regarded  as  the  mark  of  Peter’s 
thumb  when  he  seized  the  fish  and  ‘‘  opened  his  mouth  ”  to 
find  the  shekel  wherewith  to  pay  the  tribute  (Matt.  xvii. 
27).  Those  who  believe  this  tale  forget  that  the  Sea  of  Galilee 
is  a  fresh-water  lake  and  the  dory  a  salt-water  fish. 

Torday,  E.,  Camp  and  Tramp  in  African  Wilds,  Philadelphia,  1919. 


CHAPTER  XV 


PINS  IN  THE  VERMIFORM  APPENDIX 

It  is  a  common  idea  that  when  a  pin  is  swallowed  it  is 
apt  to  find  its  way  into  the  vermiform  appendix.  The 
removal  of  the  appendix  for  disease  is  a  common  operation, 
but  it  is  rare  to  find  a  pin  in  it.  A  study  of  the  reported 
cases  shows  that  when  a  pin  is  found  in  this  section  of 
the  intestine  it  is  exceptional  for  the  patient  to  have  any 
knowledge  that  he  had  swallowed  a  pin. 

Few  probably  realise  the  variety  and  amount  of  material 
coming  under  the  term  “  foreign  bodies  ”  daily  ingested  with 
food.  The  modern  methods  employed  in  grinding  wheat 
furnish  chips  of  metal  rollers ;  these  and  fragments  of  straw 
are  not  uncommon  in  flour.  -Spicules  of  bone  from  beef  and 
mutton,  birds  and  rabbits,  bones  from  fishes,  shots  from 
game,  stoppings  from  teeth,  and  teeth,  real  and  false,  are 
occasionally  swallowed.  Chips  from  metal  implements  used 
in  preparing  food  are  occasionally  found  in  bread  and  cakes. 

The  amount  and  variety  of  metallic  rubbish  found  among 
grain  is  astonishing.  Much  of  this  is  extracted  at  the 
mill,  and  it  includes  nails  of  all  sorts,  brads,  tacks,  screws, 
eyelets,  hooks  and  eyes,  needles,  pins,  hair-pins,  wire,  buttons, 
and  chips  of  all  the  common  kinds  of  metal. ^ 

Although  I  always  carefully  examine  the  vermiform 
appendix  after  removal,  I  have  only  once  found  a  pin  in  it. 
The  patient  was  a  girl  under  my  care  in  the  hospital,  with  the 
symptoms  and  signs  of  acute  appendix  trouble.  In  due 
course  the  appendix  was  removed,  and  a  hard  body  could  be 
felt  in  it.  The  appendix  after  removal  measured  in  length 
7  cm.,  and  near  the  tip  contained  two  concretions  as  hard  as 
stones,  and  formed  around  a  pin  (Fig.  53). 

Mr.  A.  M.  Kellas,  the  Lecturer  on  Chemistry,  anal^^sed 

1  “  On  the  effects  of  the  perforation  of  the  Colon  by  small  foreign 
bodies,”  Lancet,  1903,  11,  1148. 
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the  concretions  and  found  them  to  consist  of  calcium  phos¬ 
phate  with  a  small  quantit}^  of  calcium  oxalate,  about  6 
per  cent,  of  fatt}’  matter,  a  large  trace  of  iron  (perhaps  as 
phosphate)  and  a  trace  of  magnesium  ammonium  phosphate. 

This  report  shows  that  the  calculous  matter  formed  on 
the  pin  is  similar  to  that  composing  the  common  colic 

calculus  of  horses.  There  are  many  in 
the  Museum.  These  concretions  in 
horses  formed  around  foreign  bodies, 
especially  scraps  of  metal  (Fig.  54)  and 
buttons.  These  concretions  are  common 
in  the  horse’s  caecum,  and  sometimes  are 
as  big  as  a  man’s  head.  I  was  amused 
some  years  ago  on  visiting  a  veterinary 
museum  to  find  a  huge  colic  calculus 
used  to  keep  the  door  open.  These 
calculi  consist  of  ammonium  magnesium 
phosphate  and  a  trace  of  iron. 

A  friend  of  mine  lost  a  favourite  horse  from  intestinal 
obstruction  caused  by  the  impaction  of  a  colic  calculus 


Fig.  54. — Colic  calculus  from  a  horse,  in  section.  The  nucleus  is  a  piece 
of  steel.  The  calculus  was  10  cm.  in  diameter. 

as  big  as  a  cricket-ball.  When  he  showed  me  the  calculus  I 
explained  to  him  that  in  all  probability  he  would  find  a 
waistcoat  button  in  the  middle  of  it.  A  few  days  later 


Fig.  53. — Pin  from  the 
appendix  incrusted 
with  calcium  phos¬ 
phate. 
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he  amused  himself  in  bisecting  the  calculus,  but  failed  to 
find  the  button.  He  enjoyed  a  good  laugh  at  my  expense, 
but  was  punished  for  his  unbelief.  One  half  of  the  calculus 
dropped  from  his  hand  to  the  floor,  broke  in  twain,  and  lo  !  a 
waistcoat  button  was  exposed  on  the  broken  surface. 

It  has  been  known  for  a  long  time  that  pins  are  troublesome 
things  in  a  vermiform  appendix.  In  1735  Claudius  Amyand, 
Surgeon  to  St.  George’s  Hospital,  and  Serjeant-Surgeon  to 
George  I.,  furnished  an  account  to  the  Royal  vSociety  of  a  boy, 
aged  eleven,  who  had  an  inguinal  rupture.  Amyand  oper¬ 
ated  for  the  rupture,  and  found  in  the  sac  pus,  faeces,  omentum, 
and  the  aj^pendix.  The  pin  had  pricked  through  the  appen¬ 
dix  and  thus  led  to  infection  of  the  hernial  sac.  The  pin 
near  its  head  was  incrusted  with  stone.  The  operation, 
severe  and  troublesome,  was  well  borne  by  the  patient, 
though  it  lasted  an  hour  and  a  half.  He  recovered.  The  boy 
had  no  recollection  of  swallowing  a  pin. 

In  1842,  a  boy,  aged  seventeen,  passed  worms  by  the 
urethra.  When  he  died  the  appendix  adhered  to,  and  opened 
into,  the  upper  part  of  the  bladder.  There  was  a  stone  in 
the  bladder  with  a  pin  as  its  nucleus ;  it  was  thought  that 
the  pin  had  reached  the  bladder  through  the  appendix 
(King don) .  The  common  thread  worm  {Onyuris  vermicularis) 
is  occasionally  found  in  the  vermiform  appendix.  In  the 
past  many  human  beings  have  lost  their  lives  (and  many 
more  have  suffered  a  long  and  serious  illness)  in  consequence 
of  a  pin  accidentally  swallowed  pricking  its  way  through 
the  walls  of  the  vermiform  appendix.  These  pins  fill  the 
part  described  in  the  speech  which  Shakespeare  puts  into 
the  mouth  of  Richard  II  : — 

“  For  within  the  hollow  crown 
That  rounds  the  mortal  temples  of  a  King, 

Keeps  death  his  court ;  and  there  the  antic  sits, 

Scoffing  his  state,  and  grinning  at  his  pomp, — 

Allowing  him  a  little  breath,  a  little  scene 
To  monarchise,  be  fear’d,  and  kill  with  looks; 

Infusing  him  with  self  and  vain  conceit, — 

As  if  this  flesh,  which  walls  about  our  life. 

Were  brass  impregnable, — and,  humour’d  thus. 

Comes  at  the  last,  and  with  a  little  pin 

Bores  through  his  castle  walls,  and — farewell,  King  !  ” 


CHAPTER  XVI 


THE  FATE  OF  PATIENTS  WHO  HAVE  HAD 
STONES  REMOVED  FROM  THE  KIDNEY 

{Cavendish  Lecture,  1916) 

The  fate  of  patients  who  have  had  stones  removed  from 
one  or  both  kidneys  is  an  important  matter,  and  one  on  which 
little  has  been  written.  Most  of  what  I  have  to  say  on  this 
theme  is  based  on  my  own  experience.  I  saw  Morris  remove 
a  stone  from  the  kidney  of  a  woman  in  the  Middlesex 
Hospital  in  1880.  The  operation  is  historical;  it  proved 
that  a  stone  could  be  removed  from  the  kidney  and  the 
patient  survive.  In  the  interval  operations  for  renal  calculi 
have  made  amazing  progress.  The  detection  of  stone  in 
the  kidney  or  in  the  ureter  has  become  an  art.  The  intro¬ 
duction  of  radiography  improved  this  branch  of  surgery.  A 
good  radiograph  indicates  the  presence  of  stones  ;  from  their 
shadows  the  surgeon  learns  their  number,  size,  and  position. 
Cystoscopy  furnishes  facts  about  the  condition  of  the  ureters. 
Clinical  chemistry  affords  information  of  the  value  of  the 
renal  function;  microscopic  and  bacteriologic  examination 
of  the  urine  completes  the  clinical  picture. 

During  the  past  twenty-five  years  surgeons  have  been 
intent  on  methods  of  diagnosis  and  technique.  These  are 
now  complete.  Errors  in  diagnosis  are  so  unusual  that 
patients  willingly  submit  to  surgical  interference  when  it  is 
certain  that  the  kidney  contains  a  stone.  Many  patients 
ask  questions  concerning  the  effect  on  life,  and  the  expectancy 
of  life,  when  a  stone  is  taken  out  of  the  kidney.  These 
questions  are  easily  answered  in  terms  favourable  to  the 
23atient,  but  I  am  anxious  for  data  on  which  to  frame  an 
opinion  of  the  probable  frequency  of  bilateral  renal  calculi ; 
and  on  the  expectancy  of  life  when  one  kidney  has  been 
removed  for  calculous  disease. 
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On  People  who  Live  with  One  Kidney 

When  the  removal  of  a  disorganised  kidney  is  recommended 
the  patient  invariably  asks,  ‘‘  How  shall  I  get  on  with  one 
kidney  ?  ”  The  answer  is  simple.  Many  are  born  with  one 
kidney  and  lead  useful,  energetic  lives,  attain  old  age,  and 
die  ignorant  of  the  fact  that  they  had  only  one  kidney. 
Hundreds  of  men  and  women  are  living  from  whom  surgeons 
have  removed  a  kidney  on  account  of  stone.  Many  live 
unsuspicious  that  one  of  their  kidneys  has  been  insidiously 
destroyed  by  calculous  disease.  A  man  with  one  healthy 
kidney  may  live  as  long  as  another  with  two,  but  often 
his  existence  is  precarious. 

An  actor,  aged  forty,  noticed  blood  in  his  urine  after  an 
attack  of  severe  pain  in  the  right  loin.  An  expert  radio¬ 
grapher  obtained  a  deep  shadow  from  the  left  kidney,  but 
none  from  the  right.  The  stone  in  the  left  kidney  was  so 
big  that  I  could  feel  it  through  the  abdominal  walk  The 
kidney  being  disorganised  I  concluded  that  the  patient  was 
“  living  with  one  kidney,”  and  suspected,  in  spite  of  the 
radiographer’s  negative  report,  that  the  pelvis  of  the  right 
kidney  contained  a  small  migratory  stone.  I  decided  to 
remove  the  left  kidney  through  an  incision  in  the  linea  semi¬ 
lunaris,  as  this  enabled  me  to  examine  the  right  kidney  and 
ureter,  but  I  failed  to  feel  a  stone.  I  removed  the  left  kidney  ; 
it  was  a  thin- walled  sac  containing  pus  and  a  large,  branched 
calculus  (Fig.  55).  Within  a  month  the  patient  left  the 
nursing  home  for  Margate.  Shortly  after  reaching  Margate 
he  was  seized  with  acute  pain  in  the  right  loin  and  was  unable 
to  pass  water.  Four  days  later  he  came  to  London  in  a 
condition  of  anuria.  A  few  hours  after  his  arrival  I  exposed 
the  right  kidney  by  an  incision  in  the  loin,  let  out  much  urine, 
and  passed  a  guide  down  the  ureter  to  the  bladder.  Next 
day  the  patient  passed  urine  naturally ;  soon  he  became 
convalescent,  and  returned  to  Margate.  An  X-ray  examina¬ 
tion  showed  that  the  guide  I  passed  down  the  ureter  had 
pushed  a  stone,  the  shape  and  size  of  a  cherry-stone,  into  the 
bladder.  Whilst  at  Margate  the  patient  passed  the  stone 
during  urination  and  sent  it  to  me  in  a  pill-box.  It  is  a 
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curious  form  of  retaliation  that  leads  men  and  women  to 
send  renal  calculi  to  surgeons  in  pill-boxes. 

My  friend  survived  the  operation  six  years.  As  a 
character-actor  he  won  approbation ;  like  Yorick,  he  was 
“  a  fellow  of  infinite  jest,  of  most  excellent  fancy.”  One 
evening,  whilst  waiting  for  his  cue,  he  was  seized  with 


Fig.  55, — A  branched  calculus  removed  from  the  kidney.  Some  of  the 
branches,  broken  during  removal,  were  pieced  together  after  the 
operation.  This  stone  caused  its  owner  no  pain. 

acute  abdominal  pain  and  seemed  about  to  die.  He  was 
conveyed  to  a  hospital  hard  by  the  theatre.  A  duodenal 
ulcer  had  perforated,  and  a  prompt  operation  failed  to  save 
him. 

This  case  illustrates  what  most  surgeons  quickly  learn 
from  experience  :  a  large  disorganised  kidney  stuffed  with 
calculi  rarely  disturbs  a  patient,  but  a  small  migratory 
calculus,  no  bigger  than  a  cherry-stone,  in  an  otherwise 
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normal  kidney  will  render  life  unendurable  by  causing 
frequently  recurring  attacks  of  colic.  Occasionally  the 
ureter  of  the  less  disorganised  kidney  is  obstructed  by  one 
of  these  troublesome  calculi;  the  patient  becomes  anuric 
and  is  brought,  with  dramatic  suddenness,  not  only  to  the 
brink  of,  but  actually  into,  the  grave.  The  aphorism, 
Uanurique  est  un  individu  qui  la  veille  vivait  avec  un  rein 
(Legueu),  though  useful,  does  not  apply  to  all  anurics,  for 
an  individual  may  have  two  good  kidneys  and  each  harbour  a 
stone.  By  an  unusual  concatenation  of  circumstances  each 
ureter  may  be  simultaneously  blocked  by  a  calculus.  Many 
such  occurrences  have  been  recorded.  Here  is  another. 

A  man,  aged  forty-four,  weighing  nearly  twenty-four  stone, 
had  suffered  from  attacks  of  renal  colic  and  passed  fragments 
of  stone  at  intervals  for  twenty-nine  years.  One  night  he  was 
suddenly  seized  with  acute  pain  in  the  right  loin  and  became 
anuric.  On  the  fifth  day  of  the  anuria  he  was  admitted  to 
the  Middlesex  Hospital  and  ]3repared  for  operation.  When 
wheeled  into  the  theatre  he  refused  to  submit  to  operation, 
urging  that  as  he  was  now  free  from  pain  there  could  be 
no  mischief.  I  saw  him  an  hour  later.  He  was  intently 
reading  the  third  chapter  of  the  Lamentations  of  Jeremiah, 
in  which  the  Jewish  nation  is  personified  as  a  man  lament¬ 
ing  his  own  calamities.  The  following  day  he  voided  blood, 
became  alarmed,  and  submitted  to  operation.  I  extracted 
a  conical  calculus  from  the  upper  end  of  the  right  ureter. 
Sixteen  hours  afterwards  he  had  a  slow  pulse,  muscular 
tremors,  and  contracted  pupils.  His  mind  remained  clear 
almost  to  death,  which  occurred  seventy-two  hours  after 
the  operation.  At  the  post-mortem  examination  the 
left  ureter  was  found  obstructed  by  a  calculus  of  the  same 
shape  and  size  as  that  removed  from  the  right  kidney. 
This  man  died  from  simultaneous  blocking  of  both  ureters. 
The  pelves  of  the  kidney  were  not  much  dilated  :  there  was 
no  sacculation,  and  the  renal  cortex  showed  little  evidence 
of  disease. 

These  two  cases  illustrate  an  important  feature  in  regard 
to  the  ‘‘  period  of  tolerance,”  that  is,  the  time  elapsing  be¬ 
tween  the  onset  of  the  anuria  and  the  manifestation  of 
uraemia.  This  is  on  an  average  six  days.  It  is  an  axiom  in 
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renal  surgery  :  the  earlier  operation  is  undertale, en  after  the 
onset  of  anuria,  the  better  the  results.  Thus  the  actor  who 
submitted  to  nephrectomy  on  the  fourth  day  recovered; 
the  vacillating  student  of  Jeremiah  refused  operation  until 
the  sixth  day  and  died,  although  from  richness  in  renal  tissue 
he  had  the  better  chance.  A  great  danger  besets  men  and 
women  who  have  had  a  kidney  removed  for  calculous  disease. 
At  any  instant  the  ureter  of  the  remaining  kidney  may  be 
blocked  by  a  stone. 

In  1890  I  removed  from  a  fat  cabman,  aged  thirty-eight, 
the  left  kidney,  completely  disorganised  and  crammed  with 
ston es.  This  man  suffered  no  pain  from  his  calculous  kidney  i  n 
spite  of  the  fact  that  he  daily  jolted  over  the  stones  of  London 
on  a  cab  !  Twenty-five  years  later  he  was  readmitted  into 
the  Middlesex  Hospital  with  anuria  of  three  days’  standing. 
Though  this  cabman  was  very  fat,  an  oval  swelling  could  be 
felt  in  the  right  loin.  His  kidney  was  exposed  by  means  of 
an  incision  in  the  loin  and  the  imprisoned  urine  released. 
Three  days  afterwards  the  patient  passed  water  naturally, 
made  a  good  recovery,  resumed  work,  and  remains  in  good 
health . 

The  cabman  and  the  actor  may  be  usefully  compared. 
Each  lost  a  kidney,  disorganised  by  calculous  disease,  and 
each  had  been  living  with  one  kidney,”  as  the  phrase  goes. 
Each  ran  risks  of  dying  from  anuria,  and  both  were  saved  by 
a  prompt  operation,  but  the  actor  had  his  attack  within 
two  months  of  the  removal  of  the  kidnev,  whereas  for  the  cab- 
man  it  was  delayed  a  quarter  of  a  century.  The  cabman  is 
the  longest  survival  after  nephrectomy  in  my  practice.  He 
has  been  living  and  earning  his  living  for  twenty-five  years 
with  one  kidney. 

Anuria  is  the  gravest  of  the  many  complications  of  renal 
calculi.  Its  sudden  onset,  in  persons  apparently  in  good 
health,  is  a  most  impressive  feature.  In  the  early  days  of 
the  anuria  it  is  hard  for  them  to  realise  that  they  are  near 
death.  Later,  when  the  signs  of  uraemia  appear,  surgical 
interference  is  rarely  successful.  Death  may  be  deferred  to 
the  fifteenth  day  after  complete  obstruction,  but  it  has 
happened  as  early  as  the  fourth.  Spontaneous  relief,  due 
to  the  stone  being  extruded  into  the  bladder,  happens  in 
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about  25  per  cent.  Cystoscopy  aids  here.  A  cystoscopic 
examination  sometimes  reveals  a  calculus  in  process  of 
extrusion  through  the  vesical  orifice  of  the  ureter.  I  have 
seen  such  a  delivery ;  it  occupied  two  hours.  The  gradual 
advance  of  the  stone  with  each  pain  was  very  striking.  This 
is  perhaps  the  nearest  trial  a  man  can  have  of  the  “  pains  of 
labour.”  With  each  “  pain  ”  the  man  uttered  loud  com¬ 
plaints.  The  preceding  cases  illustrate  the  varying  attitudes 
of  men  to  operative  treatment ;  they  vary  with  the  phase  of 
the  disorder.  When  Shibli  Bagarag  rolled  his  body  in  the 
sand  within  sight  of  the  city  of  Shagpat,  he  exclaimed  : — 

“  On  different  heads  misfortunes  come; 

One  bears  them  firm,  another  faints, 

While  this  one  hangs  them  like  a  drum 
Whereon  to  batter  loud  complaints.” 

A  man  in  agony  with  a  stone  stuck  in  his'  ureter  rolls  about 
the  bed,  clamours  for  help — clamours  loudly — shouts,  and 
willingly  submits  to  operation.  When  the  colic  is  replaced 
by  anuria,  he  disdains  surgical  interference  and  mocks  at  his 
advisers ;  but  as  soon  as  uraemia  stalks  anuria,  he  passively 
submits  to  what  is  often  a  useless  operation.  Although  the 
risks  of  an  operation  on  the  kidney  with  uraemia  manifest 
are  great,  it  is  useful,  like  the  barber  Baba  Mustapha,  to 
remember  the  poet’s  words  : — 

“  The  abyss  is  worth  a  leap,  however  wide. 

When  life,  sweet  life,  is  on  the  other  side.” 

This  is  the  position  of  a  man  stricken  with  uraemia,  the 
sequence  of  calculous  anuria. 


Bilateral  and  Recurrent  Calculi 

Having  described  some  cases  of  bilateral  renal  calculi  in 
which  the  disease  was  advanced  in  one  kidney  and  unsus¬ 
pected  in  the  other,  we  may  now  consider  those  in  which 
both  kidneys  are  known  to  be  occupied  with  calculi.  This  is 
an  important  matter,  because  surgeons  hesitate  to  remove 
the  calculi  from  fear  of  inducing  uraemia ;  but  there  are 
conditions  in  which  interference  is  justifiable. 
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The  risks  of  recurrence  after  nephrolithotomy  have 
never  been  estimated  on  a  large  statistical  basis.  It  is 
difficult  for  a  surgeon  to  calculate  the  proportion  of  recur¬ 
rences  even  in  his  own  practice.  Patients  have  an  idea  that 
if  a  surgeon  removes  a  stone  from  the  kidney  he  is  in  some 
measure  responsible  if  a  new  stone  forms,  and  betake  them¬ 
selves  to  some  other  hospital.  There  is  another  way  in  which 
recurrent  calculi  come  under  observation.  A  colleague 


Fig.  56.— Kidney  in  section.  The  bean-shaped  calculus  was 
removed  in  1889.  Twelve  years  later  I  removed  the  kidney 
with  the  recurrent  calculi. 

retires  ;  the  patient  comes  again  to  the  hospital  and  is  placed 
under  the  care  of  a  successor,  or  a  survivor.  Here  is  an 
illustration  :  A  woman,  aged  twenty-eight,  came  under  my 
care  with  stones  in  a  disorganised  kidney.  She  had  been 
submitted  to  nephrolithotomy  twelve  years  previously. 
I  removed  the  kidney;  in  Eig.  56  the  stone  represented 
was  removed  at  the  primary  lithotomy. 

It  is  probable  that  sepsis  following  nephrolithotomy  is, 
in  many  instances,  responsible  for  recurrent  calculi.  For 
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example,  a  woman  had  a  large  kidney  which  a  surgeon 
exposed  and  incised  under  the  impression  that  it  contained 
a  stone  (Fig.  57).  Instead  of  a  stone  he  found  a  narrow 
ureter ;  to  remedy  this  a  plastic  operation  was  performed 
on  the  ureter.  The  woman  recovered  without  benefit. 
Two  years  later  she  came  under  my  care;  a  radiograph 
showed  a  curious  shadow  low  in  the  abdomen.  On  exposing 


Fig.  57. — Hydronephrosis  associated  with  a  narrow  ureter.  The 
pelvis  is  occupied  by  urinary  pebbles. 


the  kidney  through  an  incision  in  the  flank  I  found  the  renal 
pelvis  filled  with  urinary  pebbles.  I  removed  it.  With  the 
loss  of  the  kidney  the  woman  lost  her  aches  and  pains.  It 
is  reasonable  to  believe  that  the  operation  on  the  kidney  led 
to  infection  and  the  formation  of  calculi.  A  renal  calculus 
is  a  heap  of  crystals  held  together  by  cement  substance. 
Thus,  after  the  kidney  became  infected,  crystals  were 
precipitated  from  the  urine  and  cemented  by  inflammatory 
exudate.  Gall-stones  often  contain  a  central  clump  of 
bacilli,  and  have  been  compared  to  pearls,  which  frequently 
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contain  a  small  worm  as  a  nucleus.  Gall-stones,  like  renal 
calculi,  are  tokens  of  pain  and  misery,  but  pearls,  emblems 
of  beauty  and  riches,  are  worn  without  any  regard  to  the 
pain  they  may  have  caused  the  oysters.  I  have  had  many 
renal  calculi  examined  in  the  expectation  of  finding  a  clump 
of  bacilli  as  a  nucleus ;  so  far  without  success.  Micro¬ 
organisms  are  excreted  by  the  kidney,  and  it  is  probable 
that  the  nucleus  of  a  primary  renal  stone  may  be  occasionally 
a  clump  of  bacilli.  Recurrent  calculi  are  commonly  associ¬ 
ated  with  septic  changes  in  the  kidney.  In  the  infancy  of 
nephrolithotomy  the  operation  was  not  earried  out  with  the 
precautions  and  ritual  which  attend  it  to-day.  A  free 
incision  was  made  in  the  cortex  of  the  kidney ;  its  pelvis 
and  calyces  were  explored  with  a  bare  and  often  septic 
finger.  In  many  cases  a  rubber  tube  was  introduced  into 
the  pelvis  of  the  kidney  for  drainage ;  this  provided  a  high 
road  for  an  invasion  by  pyogenic  organisms.  Bacillus  coli 
soon  colonised  the  pelvis.  When  surgeons  turned  their 
attention  to  this  matter,  it  gradually  became  the  habit  in 
suitable  cases  to  remove  calculi  through  an  incision  in  the 
pelvis  of  the  kidney  and  carefully  to  close  the  opening  with 
sterile  sutures.  Primary  union  and  speedy  convalescence 
often  follow  with  advantage  to  the  patients ;  they  recover 
quickly,  suffer  less,  and  run  less  risk  of  a  recurrent  calculus. 
We  must  not  lose  sight  of  the  fact  that  manv  calculous 
kidneys  are  septic  at  the  time  of  the  primary  operation. 

Calculi  sometimes  form  in  kidneys  in  enormous  numbers 
without  the  least  evidence  of  sepsis.  In  1904,  a  gardener, 
aged  thirty-eight,  had  signs  of  stone  in  his  right  kidney.  The 
radiograph  showed  such  a  large  shadow  as  to  make  me  doubt 
its  accuracy.  During  the  removal  of  this  kidney  I  had  a 
great  surprise ;  on  withdrawing  it  from  the  loin  the  saculus 
containing  the  stones  burst.  In  an  instant  the  operation 
area  was  covered  with  hundreds  of  iridescent  calculi  re¬ 
sembling  little  balls  of  burnished  gold.  We  tried  to  pick 
them  up,  but  they  ran  over  the  towels,  slipped  between 
them,  dropped  on  the  floor  like  hail,  and  were  as  elusive  as 
globules  of  quicksilver.  The  collected  calculi,  to  the  number 
of  40,000,  are  preserved  in  the  Museum  of  the  Royal  College 
of  Surgeons.  I  saw  this  gardener  in  good  health  twelve 
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years  after  the  operation  and  still  grateful  for  the  relief  the 
operation  afforded  him.  The  College  Museum  contains 
a  similar  specimen ;  the  calculi  number  27,000.  They  are 
of  the  shape,  size,  and  colour  of  millet  seed. 

Surgical  Timidity 

The  conservation  of  a  disorganised  and  septic  kidney 
(Figs.  56  and  57)  exposes  patients  to  the  risk  of  future 
suffering  from  recurrent  calculi.  This  entails  repeated 
operations  and,  finally,  removal  of  the  kidney  under  adverse 
conditions.  Endeavours  to  save  such  damaged  kidnej^s 
are  not  examples  of  cautious  surgery,  but  rather  glaring 
instances  of  surgical  timidity. 

We  are  all  more  or  less  influenced  by  a  wholesome  respect 
for  renal  tissue.  We  know,  too  well,  that  some  men  get  on  in 
the  world  with  very  little  brains ;  some  with  none.  But  no 
man  can  live  without  a  certain  amount  of  kidney.  Some 
push  this  truism  too  far.  Many  patients  suffer  much 
discomfort,  even  misery,  from  a  timid  nephrotomy  when 
their  best  interests  demand  bold  removal  of  the  disorganised 
kidney.  When  a  kidney  is  septic,  calculous,  and  dis¬ 
organised,  if  its  companion  is  normal  the  diseased  kidney 
should  be  removed.  I  have  watched  many  patients,  men 
and  women,  who  have  led  vigorous  lives  after  nephrectomy 
for  calculous  pyonephrosis. 

It  was  my  habit  to  give  patients  the  stones  I  removed 
from  their  kidneys.  A  bad  habit.  The  stones  serve  as 
souvenirs  of  discomfort  and  agony.  Listen  to  a  sufferer,  an 
Italian  poet : — 

“  Other  white  stones  serve  to  mark  happy  days, 

But  mine  do  mark  days  full  of  pain  and  gloom. 

To  build  a  palace,  or  a  temple  fair, 

Stones  should  be  used ;  but  mine  do  serve 
To  wreck  the  fleshy  temple  of  my  soul. 

Well  do  I  know  that  death  doth  whet  his  glaive 
Upon  these  stones,  and  that  the  marble  white 
That  grows  in  me,  is  there  to  form  my  tomb. 

{Giro  di  Pers.) 

These  depressing  lines  represented  at  the  time  they  were 
written  the  helpless  condition  of  patients  suffering  from 
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stone  in  the  kidney.  The  natives  of  the  southern  part  of 
America,  at  the  time  the  continent  was  discovered,  wore 
amulets  of  jade  as  a  remedy  for  renal  colic.  This  is  how 
jade  got  from  Spaniards  the  alternate  name  of  nephrite. 
Fifty  years  ago  in  Europe  the  treatment  of  stone  in  the 
kidney  had  not  got  beyond  the  stage  of  physic.  Amulets  in 
another  form,  says  the  caustic  critic. 


CHAPTER  XVII 


ULCERS  NEW  AND  OLD  :  JEJUNAL  FOR 
DUODENAL  ULCERS 

{Hunterian  Lecture,  1916) 

About  fifty  years  ago  the  chronic  duodenal  ulcer  was 
recognised  as  a  clinicad  entity,  and  its  treatment  remained 
for  many  years  in  the  province  of  the  physician.  Opera¬ 
tions  were  performed  for  the  relief  of  duodenal  ulceration 
by  Codivilla  (1893),  Dean  (1894),  and  Dunn  (1895).  In  the 
first  decade  of  the  present  century  W.  J.  Mayo,  Mayo 
Robson,  Moynihan,  Paterson,  Sherren,  and  others  opened 
up  a  new  field  of  surgical  enterprise. 

We  know  that  chronic  ulcer  of  the  duodenum  is  a  common 
lesion.  For  some  undiscovered  reason  the  ulcer  in  the 
majority  of  instances  is  situated  within  2  cm.  of  the  pylorus, 
and  as  a  rule  on  the  anterior  wall  of  the  duodenum,  midway 
between  its  upper  and  lower  borders.  A  chronic  ulcer  in 
this  position  is  rarely  accompanied  by  physical  signs,  but 
it  sets  up  symptoms  so  easily  recognised  that  there  is  no 
reason  for  resorting  to  the  ways  of  Zadig  in  order  to  read 
them.  The  duodenal  ulcer  often  appears  as  a  rounded 
depression  in  the  mucous  membrane  with  the  muscular 
coat  as  its  floor.  In  many,  a  layer  of  thickened  peritoneum 
forms  the  base  of  the  ulcer ;  occasionally  it  rests  on  the 
pancreas,  the  liver,  or  the  gall-bladder.  An  ulcer  on  the 
anterior  wall  of  the  duodenum  may  rest  on  the  peritoneum 
covering  the  anterior  abdominal  wall  (Fig.  58).  There  is  a 
serpiginous  ulcer  that  persists  for  years,  creeping  round  the 
duodenum,  scarring  at  one  edge  and  so  deeply  eroding  at 
the  other  that  the  tissues  forming  its  base  are  often  dia¬ 
phanous.  The  peritoneal  surface  of  the  duodenal  bulb  in 
such  a  case  is  often  white  with  scars  (Fig.  59). 

Some  of  the  most  troublesome  ulcers  in  the  pyloric  region 
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can  neither  be  seen  nor  felt  in  the  course  of  a  gastro¬ 
jejunostomy.  A  small  duodenal  ulcer  can  only  be  detected 
when  it  involves  the  peritoneum  and  produces  a  tell-tale 
scar.  These  small  ulcers  cause  paroxysmal  pain  and 
digestive  discomfort,  the  symptoms  of  “  a  vext  duodenum 
and  an  agitated  pylorus.”  This  neat  epigram  (unearthed 
by  Moynihan)  was  framed  nearly  a  hundred  years  ago  by 
Sydney  Smith,  the  brilliant  writer  and  preacher,  who 
studied  medicine  in  Edinburgh,  and  later  in  life  doctored 
his  parishioners  as  a  rural  amusement. 


Fig.  58. — Dice-box-shaped  segment  of  the  parts  adjacent  to  the 
pylorus.  The  duodenal  bulb  contains  a  chronic  ulcer.  The  parts 
were  excised  from  a  spinster,  aged  fifty- five,  who  had  been  a 
dyspeptic  for  thirty  years. 

The  chronic  ulcer  of  the  duodenum  is  exceptional  in 
another  feature.  In  all  regions  of  the  body  open  to  observa¬ 
tion  a  chronic  ulcer  is  liable  to  become  cancerous,  especially 
between  the  thirtieth  and  fiftieth  years ;  this  is  the  age- 
incidence  of  duodenal  ulcer.  We  know  that  chronic  ulcers 
of  the  leg,  lupus  patches,  and  gastric  ulcers  occasionally 
become  cancerous,  but  this  change  in  duodenal  ulcers  has 
never  been  proved,  although  they  are  some  of  the  most 
chronic  occurring  in  Man.  I  have  long  sought  among  the 
living,  the  dead,  and  in  museums  for  a  duodenal  ulcer  that 
has  become  cancerous ;  so  far  my  search  has  been  un¬ 
availing.  Cancer  arises  in  the  duodenum,  but  not  in  the 
region  that  is  the  usual  seat  of  ulceration.  The  frequency 
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with  which  gastric  ulcers  become  cancerous  and  the  infre¬ 
quency  of  cancerous  change  in  duodenal  ulcers  are  difficult 
of  explanation.  When  cancer  exists  in  the  stomach,  small 
fragments  detached  by  the  churning  movements  are  trans- 


Fig.  59. — A  gastro-diiodenal  cylinder.  There  is  a  white  scar  on  the 
anterior  surface  of  the  duodenal  bulb.  The  interior  of  the  bulb 
is  shown  in  the  upper  figure;  it  contains  an  active  ulcer,  and 
transparent  patches  indicate  the  scars  of  old  ulceration.  Excised 
from  a  woman  aged  forty- five. 


ported  with  the  chyme  into  the  small  intestine,  but  an 
implantation  cancer  in  the  intestine  above  the  ileo-caecal 
valve  is  unknown.  Shattock  suggests  that  shed  fragments 
of  gastric  cancer  would  not  escape  tryptic  digestion.  I  agree 
with  him. 


118 


ULCERS  NEW.  AND  OLD 


Jejunal  Ulcer  (Peptic  Ulcer) 

The  jejunal  ulcer  that  follows  gastro-jejunostomy  is  often 
called  a  peptic  ulcer,  a  term  implying  faith  in  the  opinion 
that  it  is  produced  by  the  action  of  gastric  juice.  This 
ulcer  was  described  by  Braun  in  1899.  It  resembles  the 
common  ulcers  of  the  stomach  and  duodenum,  and  has 
sharp  edges,  often  so  sharp  as  to  look  as  if  it  had  been 
punched  out.  It  is  a  dangerous  ulcer,  and  occasionally 
perforates  before  protective  adhesions  have  formed,  and 
causes  septic  peritonitis  that  often  has  a  fatal  ending.  Some 
peptic  ulcers  have  thickened  edges  and  run  a  chronic  course. 

A  peptic  (jejunal)  ulcer  causes  pain  in  the  epigastrium 
aggravated  by  the  ingestion  of  food.  The  symptoms  often 
resemble  so  closely  those  associated  with  a  duodenal  ulcer 
as  to  lead  patients  to  complain  that  the  pain  and  discom¬ 
fort,  for  which  gastro-jejunostomy  was  performed,  have 
returned.  When  a  jejunal  ulcer  follows  anterior  gastro¬ 
jejunostomy  there  is  often  an  area  of  tenderness,  and  some¬ 
times  a  definite  swelling,  under  the  upper  part  of  the  left 
rectus  muscle.  This  indicates  that  the  ulcer  involves  the 
peritoneum  on  the  anterior  aUdominal  wall.  I  have  had 
an  opportunity  of  studying  the  changes  in  the  jejunum 
that  precede  the  formation  of  a  jejunal  ulcer  : — 

In  March  1906,  I  performed  anterior  gastro-jejunostomy 
on  a  man,  aged  forty-four,  for  symptoms  indicating  the 
existence  of  a  chronic  duodenal  ulcer.  The  operation 
relieved  the  man  of  his  pain,  and  he  remained  in  good 
health  for  nearly  seven  years.  Then  the  pain  returned  with 
great  severity,  and  on  the  urgent  representation  of  his 
medical  attendant  the  patient  was  re-admitted,  December 
1914,  into  the  Middlesex  Hospital.  He  complained  of  pain 
following  the  ingestion  of  food,  and  there  were  a  tender  area 
and  slight  swelling  under  the  upper  part  of  the  left  rectus 
muscle  near  the  costal  margin.  I  had  no  doubt  that  the 
man  had  an  ulcer  in  the  immediate  vicinity  of  the  new 
stoma.  With  the  help  of  X-rays  and  an  opaque  meal  the 
material  could  be  seen  escaping,  partly  through  the  pylorus 
and  partly  through  the  new  stoma.  On  opening  the 
abdomen  the  white  scar  of  the  original  ulcer  in  the  duo- 
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denum  was  visible.  The  area  of  the  stomach  involved  in 
the  gastro-jejunal  junction  adhered  to  the  anterior  ab¬ 
dominal  wall,  and  on  detaching  it  an  irregular  opening 
appeared  in  the  efferent  limb  near  the  gastro-jejunal  junc¬ 
tion  (Fig.  60).  The  segment  of  stomach  and  the  cylinder 
of  jejunum  involved  in  the  junction  were  cut  away.  The 
opening  in  the  stomach  was  closed  with  silk  sutures  and  the 
cut  ends  of  the  jejunum  were  joined  end  to  end.  The  man 


Fig.  60. — The  limb  of  jejunum  concerned  in  an  anterior  gastro¬ 
jejunostomy.  A  peptic  ulcer  is  seen  in  the  efferent  limb. 


recovered  easily  and  quickly.  The  changes  that  had  taken 
place  in  the  tissues  of  the  jejunum  adjacent  to  the  new 
stoma  were  remarkable.  Normally  the  mucous  membrane 
of  the  jejunum  is  thick  and  thrown  into  folds,  the  familiar 
valvulse  conniventes ;  but  in  this  specimen  the  jejunal 
mucous  membrane  in  the  vicinity  of  the  new  stoma  was  thin, 
the  valvulse  were  effaced  (Fig.  61),  and  the  muscular  coat 
was  thin  and  transparent.  The  hole  occupied  the  efferent 
limb  of  the  jejunum  just  beyond  the  cicatrix  marking  the 
union  of  the  stomach  and  gut. 
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A  consideration  of  the  structural  alterations  of  the 
jejunum  in  the  neighbourhood  of  the  new  stoma  resulting 
from  gastro-jejunostomy  leads  to  some  conjectures  of  high 
interest.  There  are  no  valvulse  conniventes  in  the  first  4  or 
5  cm.  of  the  duodenum,  and  its  wall  is  thinner  than  in  the 
remaining  portion ;  it  is  often  dilated,  and  forms  the  bulbus 
duodeni  (Retzius).  A  remarkable  transformation  occurs  in 
the  jejunum  when  the  escape  of  chyme  from  the  stomach  is 


Fig.  61. — The  limb  of  jejunum  in  Fig.  60  opened  from  behind  to  show 
the  almost  complete  effacement  of  the  valvulse  conniventes. 

transferred,  in  consequence  of  gastro-jejunostomy,  directly 
into  the  jejunum.  The  wall  of  the  jejunum  receiving  the 
impact  of  chyme  ejected  through  the  new  stoma  becomes 
attenuated,  the  valvulse  disappear,  and  the  jejunal  walls 
assume  the  peculiarities  of  the  supra-ampullary  segment  of 
the  duodenum.  This  change  entails  a  liability  to  ulceration 
so  common  in  the  duodenum.  Thus  surgery,  by  changing 
the  environment  of  a  segment  of  the  jejunum,  has  evolved 
during  this  generation  a  new  variety  of  ulcer.  The  time 
required  to  induce  a  segment  of  the  jejunum  to  assume  the 
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characters  of  the  supra-ampiillary  portion  of  the  duodenum 
will  probably  be  determined  by  subsequent  observations. 

It  is  the  common  opinion  that  the  duodenal  ulcer  is 
caused  by  the  impinging  of  acid  chyme  ejected  through  the 
pylorus  on  to  the  wall  of  the  duodenum.  The  features 
surrounding  the  origin  of  a  jejunal  ulcer  following  gastro¬ 
jejunostomy  seem  to  support  the  percussion  theory,  but  so 
far  discussions  on  the  mode  of  origin  of  gastric  and  duodenal 
ulcers  pay  but  little  regard  to  the  influence  of  bacterial 
action.  Most  of  us  believe  the  stomach  to  be  amicrobic  as 
long  as  it  can  expel  its  contents,  but  observations  on  the 
fluid  found  in  the  abdominal  cavity  of  patients  with  per¬ 
forated  gastric  and  duodenal  ulcers  prove  that  it  often 
swarms  with  pathogenic  micro-organisms,  especially  strep¬ 
tococci.  These  are  introduced  with  food,  and  especially 
milk,  wittily  described  as  “  our  most  polluted  article  of 
diet.” 

It  is  noteworthy  that  a  jejunal  ulcer  is  rarely  seen  as  a 
sequel  to  gastro-jejunostomy  performed  for  the  relief  of 
cancer  of  the  stomach.  This  may  be  explained  on  the 
ground  that  patients  rarely  survive  the  operation  long 
enough  to  permit  a  jejunal  ulcer  to  form.  It  is  established 
that  a  ‘‘  peptic  jejunal  ulcer  ”  may  make  its  appearance  six 
months  after  a  gastro-jejunostomy,  or  be  delayed  ten 
years. 

Some  surgeons  attribute  these  secondary  ulcers  to  faults 
of  technique,  or  a  method  of  suture  different  from  that 
employed  by  the  surgeon  who  criticises  the  report ;  or  the 
suture  fails  to  completely  control  the  bleeding  from  the  cut 
edges  of  the  gastric  or  the  jejunal  mucous  membrane,  and 
an  hsematoma  forms.  There  is  very  little  evidence  available 
for  the  incrimination  of  silk  or  linen  threads ;  persistent 
sutures  have  rarely  been  found  associated  with  secondary 
jejunal  ulcers. 

Indirect  Operations  on  the  Viscera 

Few  things  are  more  remarkable  in  the  history  of  surgery 
during  the  last  quarter  of  the  nineteenth  century  than  the 
origin  and  development  of  operations  on  the  viscera.  This 
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advance  was  the  outcome  of  two  discoveries — ansesthesia 
and  antisepsis.  Surgical  boldness  and  dexterity  have  always 
been  available,  but  after  the  discovery  of  ansesthesia  surgical 
rashness  knew  no  bounds,  but  sepsis  curbed  it.  Since  the 
detection  of  the  cause  of  sepsis  and  the  discovery  of  means 
for  preventing  it  surgical  enterprise  has  been  safeguarded. 

In  dealing  with  the  viscera  surgeons  advanced  tentatively. 
The  effects  of  the  removal  of  a  particular  viscus,  or  even  a 
portion  of  it,  on  the  physical  efficiency  of  the  individual 
were  unknown.  The  internal  reproductive  organs  of 
women  were  regarded  with  almost  fetish  reverence.  In¬ 
stead  of  removing  the  uterus  when  occupied  by  fibroids, 
surgeons  removed  the  ovaries,  with  the  hope  of  establishing 
an  artificial  menopause  and  inducing  the  fibroids  to  shrink. 
Gradually  men  realised  that  the  ovaries  are  the  dominant 
organs  of  sexual  life.  So  with  the  prostate.  Ignorant  that 
a  big  prostate  could  be  enucleated,  surgeons,  actuated  by 
false  ideas  as  to  the  effects  which  followed  removal  of  the 
ovaries,  excised  the  testicles  or  divided  the  vasa  deferentia, 
with  the  hope  of  causing  the  prostate  to  atrophy. 

In  the  case  of  the  intestinal  tract,  surgeons  were  content 
to  make  an  artificial  anus  in  order  to  relieve  obstruction 
caused  by  cancer  of  the  colon  or  of  the  anus.  In  1881 
Bryant,  in  the  course  of  making  an  artificial  anus,  stumbled 
on  a  cancerous  constriction,  and  the  operation  ended  as  an 
impromptu  colectomy.  Since  that  event  resection  of  the 
bowel  and  short-circuiting  have  reduced  eolostom}^  to  the 
position  of  an  operation  of  despair  ! 

The  class  of  operations  just  considered  may  be  called 
indirect  operations ;  they  may  relieve  the  patient,  but  do 
not  remove  the  disease.  To  this  class  gastro-jejunostomy 
for  the  relief  of  duodenal  ulcer  may  be  added.  It  is  admitted 
that  the  most  favourable  conditions  for  gastro-jejunostomy 
are  a  pylorus  blocked  by  an  inflammatory  mass,  and  a 
stomach  with  muscular  tissue  sufficiently  vigorous  to  propel 
the  chyme  through  the  new  stoma.  A  dilated  stomach 
with  an  unobstructed  pylorus  is  so  unfavourable  for  gastro¬ 
jejunostomy  that  surgeons  are  at  their  wits’  end  to  devise 
means  for  closing  the  pylorus,  not  only  to  compel  the  chyme 
to  take  the  new  route,  but  also  to  hinder  an  efflux  of  bile 
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through  it  into  the  stomach.  With  an  unobstructed 
pylorus  gastro-jejunostomy  cannot  be  relied  on  to  cure  a 
chronic  duodenal  ulcer,  and  as  it  exposes  patients  to  the 
discomforts  and  risks  of  regurgitant  vomiting  and  jejunal 
ulcers  I  have  gradually  abandoned  it  as  a  routine  method, 
and  prefer  to  excise  the  pylorus  and  the  segment  of  duodenum 
containing  the  ulcer. 


The  Pylorus 

It  is  difficult  to  describe  with  certainty  the  functions  of 
the  pylorus.  That  it  delays  the  efflux  of  chyme  cannot  be 
denied,  but  the  rapidity  with  which  a  foreign  body  is  dis¬ 
charged  from  the  stomach  into  the  intestine  indicates  that 
its  controlling  influence  is  by  no  means  great.  Smooth 
foreign  bodies  under  an  inch  in  diameter  when  swallowed 
are  soon  propelled  through  the  pylorus.  In  the  course  of 
operations  the  normal  pylorus  when  first  exposed  is  usually 
firmly  contracted.  A  few  minutes  later  it  dilates  and, 
except  for  the  vein  that  marks  the  boundary  between  the 
stomach  and  the  duodenum,  the  pyloric  sphincter  is  not 
easily  seen.  When  the  pylorus  is  excised  it  usually  admits 
the  index  finger  easily,  but  after  the  parts  have  been 
immersed  in  preservative  fluids  such  as  a  mixture  of  alcohol 
and  water,  or  formalin  solution,  they  contract  and  the 
orifice  is  quite  small.  The  examination  of  museum  pre¬ 
parations  gives  a  false  idea  of  the  size  of  the  pylorus  and 
also  of  its  function. 

I  believe  the  pylorus  is  extremely  sensitive.  Like  the 
buccal  and  anal  sphincters,  it  gives  no  indication  of  its 
existence  unless  chapped  or  ulcerated.  A  chapped  lip 
makes  feeding  painful ;  an  ulcer  near  the  pylorus  makes 
digestion  an  ordeal ;  and  an  ulcer  at  the  anus  makes  defseca- 
tion  a  daily  terror  !  One  day  I  had  stretched  the  anal 
sphincter  of  a  man  to  relieve  pain  caused  by  an  ulcer. 
Crossing  the  garden  with  my  house  surgeon  shortly  after¬ 
wards  I  asked  him  which  he  considered  more  painful,  a 
chapped  lip  or  a  fissured  anus.  He  replied,  ‘‘  I  don’t  know, 
for  at  the  present  moment  I’ve  got  both  !  ” 

Duodenal  ulcers  may  be  mere  dimples  in  the  mucous 
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membrane,  others  (miscalled  fissures)  deeply  eroded  pits, 
or  narrow  ulcers  extending  through  the  mucosa  to  the 
muscular  tissue.  It  is  conceivable  that  when  irritated  by 
the  passage  of  acid  chyme  a  spasm  is  set  up,  producing 
painful  sensations. 

The  common  form  of  dilated  stomach,  nicknamed  splashy 
stomach,  and  which  was  mainly  responsible  for  bringing 
routine  gastro-jejunostomy  into  disrepute,  is  worth  some 
attention ;  I  believe  it  is  caused  in  some  cases  by  spasmodic 
closure  of  the  pylorus.  Just  as  the  small  painful  ulcer  or 
fissure  of  the  anus  leads  to  irritative  action  of  the  anal 
sphincter,  often  ending  in  dilatation  of  the  rectum  and 
the  pelvic  colon,  so  repeated  spasmodic  contraction  of  the 
pyloric  sphincter  will  produce  dilatation  of  the  stomach. 
Convinced  of  this  correlation  of  events,  I  have  excised  the 
pylorus  in  such  cases  with  good  consequences,  but  on  the 
whole  the  conditions  which  give  the  best  results  to  this 
mode  of  treatment  are  those  in  which  there  is  a  gross  lesion 
at  the  pylorus. 

Excision  of  the  pylorus  cannot  be  regarded  as  a  serious 
physiological  loss.  Removal  of  the  pyloric  half  of  the 
stomach  or  of  the  whole  stomach  does  not  interfere  with  the 
nutrition  of  the  body.  I  removed  the  stomach  from  a 
woman,  aged  thirty-five,  for  cancer.  She  survived  the 
operation  three  and  a  half  years.  A  year  after  the  operation 
she  reported  herself,  and  at  that  time  was  in  excellent 
health.  She  complained  that  she  could  not  eat  so  big  a 
meal  as  her  husband,  but  she  made  up  the  difference  by 
''  eating  two  meals  to  his  one.” 

It  is  surmised  that  the  pyloric  sphincter  hinders  the 
premature  escape  of  undigested  food  into  the  duodenum. 
It  has  also  been  suggested  that  spasmodic  closure  of  the 
pylorus,  originating  refiexly  from  the  ileum,  is  protective 
against  overloading  the  small  intestine  with  insufficiently 
digested  food.  This  is  amusing,  for  the  idea  presupposes 
the  existence  of  mentality  in  bowels,  a  function  usually 
regarded  as  the  exclusive  property  of  the  cerebrum.  Keith’s 
observations  on  the  islets  of  ganglionic  nerve-tissue  in  the 
walls  of  the  intestine  suggest  that  thoughts  may  arise  in  a 
man’s  bowels  as  well  as  impulses  suggesting  ideas.  Perhaps 
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Menenius  Agrippa’s  famous  fable  of  “  The  Belly  and  the 
Members  ”  has  some  foundation  in  fact. 

Summary 

Since  the  treatment  of  duodenal  ulcer  passed  into  the 
province  of  surgery  it  has  become  the  routine  practice  to 
perform  gastro-jejunostomy  for  its  relief,  in  the  hope  that 
by  diverting  the  chyme  through  the  new  stoma  into  the 
jejunum  the  ulcer  will  heal.  If  the  pylorus  is  obstructed 
by  the  ulcer  the  results  are  usually  good,  because  the  chyme 
must  pass  through  the  new  stoma ;  but  when  the  pylorus 
is  patent,  the  chyme  flows  through  it  and  in  some  instances 
ignores  the  new  route.  The  efflux  can  be  watched  with  the 
help  of  an  opaque  meal  ar  :1  X-rays.  I  believe  it  is  better, 
whenever  practicable,  to  excise  the  pylorus  with  the  ulcerated 
portion  of  the  duodenum  and  rejoin  the  stomach  and 
duodenum  on  the  principle  of  an  end-to-end  anastomosis. 
If  this  method  could  be  made  safe,  gastro-jejunostomy  for 
the  relief  of  chronic  duodenal  ulcer  v/ith  an  unobstructed 
pylorus  would  soon  be  abandoned. 

Experience  proves  that  posterior  gastro-jejunostomy 
with  an  obstructed  pylorus  is  a  beneficent  operation,  in  spite 
of  the  risk  the  patient  runs  of  getting  a  new  ulcer  for  an  old 
one.  The  new  ulcer  has  been  evolved  in  this  generation  by 
alterations  in  the  environment  of  the  jejunum  brought 
about  by  surgery. 

Note  on  Gastric  and  Duodenal  Ulcers 

Most  of  us  admire  men  who  have  the  acumen  to  recognise 
specific  differences  in  closely  allied  plants  and  animals 
which  their  predecessors  failed  to  detect.  It  is  difficult  to 
believe  that  a  hundred  years  ago  gastric  ulcer  was  not  dis¬ 
tinguished  from  cancer  of  the  stomach.  Trousseau,  in  a 
Clinical  Lecture  published  about  1860,  gives  to  Cruveilhier 
the  merit  of  being  the  first  to  describe  the  simple  chronic 
ulcer  of  the  stomach  as  a  disease  special  in  its  nature,  and 
quite  distinct  from  cancer  of  the  stomach,  with  which  it 
had  till  then  been  confounded.  In  1830  Cruveilhier  de- 
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scribed  the  condition,  and  five  years  later  published  some 
excellent  illustrations  of  the  lesion  in  his  Anatomie 
Pathologique. 

Hunter  had  recognised  chronic  ulcer  of  the  stomach  many 
years  before  the  date  of  Cruveilhier’s  observation.  The 
Museum  contains  an  excellently-prepared  piece  of  a  stomach 
showing  a  chronic  ulcer  that  had  perforated  (Fig.  62).  It 
is  thus  described  : — 


Fig.  62. — Chronic  ulcer  of  the  stomach  {Hunterimi). 


Portion  of  the  stomach  of  a  lady,  twenty-two  years  of 
age,  showing  an  oval  ulcer  which  has  perforated.  The  ulcer 
is  sharply  cut  and  somewhat  funnel-shaped,  the  opening 
in  the  muscular  coat  being  smaller  than  in  the  mucosa, 
and  that  in  the  peritoneum  the  least  of  all ;  the 
latter  has  all  the  appearance  of  a  recent  rupture  due  to 
mechanical  causes  during  life.  There  is  a  thin  layer  of 
recent  coagulated  lymph  over  the  peritoneum  for  some 
distance  beyond  the  perforation. 

This  sj)ecimen,  demonstrating  the  chronic  ulcer  of  the 
stomach,  is  worth  close  examination.  In  common  with  all 
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Hunterian  specimens  it  was  most  carefully  selected,  excel¬ 
lently  mounted,  and  remains  in  good  condition,  although 
preserved  in  spirit  about  150  years  ago. 

Matthew  Baillie,  in  1799,  published  some  illustrations  of 
chronic  gastric  ulcers  in  his  well-known  work  on  Morbid 
Anatomy.  One  of  the  figures  represents  Hunter’s  specimen, 
and  another  from  his  own  collection,  and  an  example  from 
William  Hunter’s  collection. 

Baillie  mentions  that  gastric  ulcers  sometimes  perforate 
the  walls  of  the  stomach  and  communicate  with  the  general 
peritoneal  cavity.  The  ulcer  sometimes  erodes  the  pancreas 
and  occasionally  penetrates  adjacent  hollow  viscera. 

Among  the  illustrations  in  Baillie’s  book  there  is  a  typical 
example  of  a  duodenal  ulcer.  He  describes  it  as  a  con¬ 
siderable  ulcer  in  the  duodenum,  which  has  destroyed  a 
part  of  all  the  duodenal  coats.  The  specimen  was  in  his 
collection.  This  is  probably  the  earliest  recorded  example 
of  a  duodenal  ulcer. 


Retzius,  A.,  Brit.  Rep.,  1855,  Report  of  Sections,  132. 
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INJURIES  OF  THE  HEART 

Surgeons  have  known  for  centuries  that  penetrating 
wounds  of  the  heart  are  not  always  fatal,  even  when  the 
injury  is  inflicted  by  an  instrument  so  gross  as  a  rapier  or 
an  iron  spike.  Death  is  occasionally  deferred  many  minutes 
or  even  hours.  Ambroise  Pare  placed  on  record  an  observa¬ 
tion  relative  to  a  gentleman  wounded  in  the  heart  during  a 
duel.  The  injured  man  pursued  his  adversary  600  feet 
before  he  fell.  Examples  of  this  sort  have  multiplied 
since  Pare’s  time,  and  we  now  know  that  the  heart  is  very 
tolerant  of  traumatic  insults. 

To  come  nearer  our  own  times.  In  1896,  W.  G.  Spencer 
showed  to  the  Clinical  Society  the  heart  of  a  man,  aged 
twenty-eight,  who  had  been  stabbed  in  the  right  ventricle 
seventy-nine  days  previously.  The  wound  had  been  treated 
by  plugging  in  order  to  arrest  the  bleeding.  This  man  died 
from  causes  unconnected  with  the  injury.  At  the  post¬ 
mortem  examination  the  wounds  in  the  chest  wall,  the 
pericardium,  and  the  heart  were  found  firmly  healed. 

Six  months  before  Spencer’s  case  was  communicated  to 
the  Clinical  Society,  a  new  method  had  been  born  for  the 
treatment  of  stab  wounds  of  the  heart.  In  March  1896, 
Farina,  an  Italian  surgeon,  had  the  courage  to  apply  to  a 
heart  that  had  been  stabbed  the  simplest  and  greatest 
canon  of  surgery  concerning  accidental  haemorrhage, 
namely,  arrest  bleeding  at  the  earliest  possible  moment. 
He  did  it  by  a  recognised  method  for  stopping  bleeding 
in  vascular  muscular  organs — by  bringing  the  divided 
surfaces  into  strict  and  firm  apposition  by  means  of 
sutures. 

Although  Farina’s  epoch-making  case  is  frequently 
referred  to  in  statistical  tables  relating  to  the  surgical 
treatment  of  wounds  of  the  heart,  the  details  have  never 
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been  fully  published.  In  reply  to  a  letter,  Dr.  Guido 
Farina  sent  me  the  following  facts  in  December  1909  : — 

‘‘  The  first  case  of  surgical  interference  on  the  heart  which 
I  had  the  opportunity  of  performing  was  carried  out  in 
March  1896,  at  the  Spedale  della  Consolazione. 

The  patient  was  a  man  thirty  years  of  age  who  received 
a  blow  from  a  very  fine  and  sharp  dagger  in  the  fifth  inter¬ 
costal  space  in  the  parasternal  line.  The  wound  penetrated 
to  the  cavity  in  an  oblique  direction  from  above  downwards 
and  from  without  inwards.  It  wounded  the  pericardium 
and  penetrated  into  the  right  ventricle.  The  wound  in  the 
myocardium  was  about  7  mm.  long. 

I  removed  part  of  the  fifth  costal,  or  rather,  I  detached 
the  cartilage  of  the  fifth  rib  from  the  sternum  and  removed 
cartilage  and  rib  for  about  15  cm.  Then  I  strongly  retracted 
the  fourth  and  sixth  costal  cartilages,  and  retracting  the 
pericardium,  I  arrived  on  the  wounded  heart.  I  sutured 
the  wound  with  three  silk  sutures,  and  between  these  three 
particular  points  I  placed  two  others  of  less  importance. 
Everything  went  excellently  until  the  fifth  day,  when  a 
violent  bronchopneumonia  declared  itself  on  the  right  side, 
and  in  three  days  killed  the  patient.  The  thoracic  wound 
healed  by  first  intention. 

“  At  the  autopsy  the  wound  in  the  heart  was  found  per¬ 
fectly  healed.  I  begged  our  judicial  authorities  to  let  me 
have  the  heart  for  further  study  of  the  process  of  healing, 
but  met  with  an  energetic  refusal.  It  was  precisely  because 
of  my  irritation  at  this  fact  that  I  have  not  published  any 
communication  on  this  interesting  case.” 

Farina’ s  method  of  treating  punctured  wounds  of  the 
heart  was  soon  followed  by  other  surgeons.  The  first 
complete  success  fell  to  Rehn  (Frankfurt-on-Maine).  In 
1897,  in  a  case  of  stab  wound  of  the  heart,  he  opened  up  the 
intercostal  space  and  resected  the  fifth  rib.  The  right 
ventricle  was  wounded,  and  this  he  sutured  with  success. 
Surgeons  throughout  the  world  turned  their  attention  to 
the  treatment  of  wounded  hearts,  and  in  1909  G.  T.  Vaughan 
(Washington)  was  able  to  collect  from  the  periodical  medical 
literature  of  America  (North  and  South),  Germany,  France, 
Spain,  Italy,  Canada,  and  England,  150  cases,  including 
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two  cases  (one  of  which  was  successful)  under  his  own 
care. 

My  interest  in  injuries  of  the  heart  was  awakened  very 
early  in  my  career  as  a  surgeon  by  an  extraordinary  assault 
which  a  drunken  man  made  on  his  own  heart.  In  1887 
some  men  were  drinking  in  a  beershop ;  one  of  them,  a  lad 
aged  twenty,  was  playing  with  a  loaded  revolver,  and  a 
companion  made  a  bet  with  him  that  he  was  afraid  to  shoot 
himself  in  the  heart.  Astonishing  as  it  may  seem,  the 
drunken  lad  fired  the  revolver  into  his  chest,  and  was 
brought  into  the  hospital  in  a  collapsed  state.  When  his 
clothes  w^ere  removed,  gastric  contents  w^ere  found  between 
his  skin  and  shirt,  which  clearly  pointed  to  a  wound  of  the 
stomach.  The  abdomen  was  opened,  and  a  large  hole  in 
the  stomach  was  closed  with  sutures;  the  food  and  beer 
were  washed  out  of  the  general  peritoneal  cavity.  He 
recovered  consciousness  after  the  operation,  but  had  no 
recollection  of  his  foolish  wager  and  act.  However,  it  cost 
him  his  life,  for  he  died  some  hours  later.  At  the  post¬ 
mortem  examination  it  was  found  that  the  bullet  had  entered 
the  pericardium,  ploughed  a  deep  groove  in  the  apex  of 
the  heart,  torn  away  a  piece  of  the  diaphragm,  and  per¬ 
forated  the  stomach.  The  fatal  consequence  was  not  due 
to  the  cardiac  lesion. 

This  leads  to  the  question.  What  causes  death  in  fatal 
wounds  of  the  heart  ?  Death  after  injury  to  the  heart  may 
be  primary  or  secondary. 

Primary  Causes 

Death  after  a  severe  injury  to  the  heart  may  be  as  sudden 
as  when  the  heart  stops  beating  from  what  is  called  “  natural 
causes.”  Gunshot  wounds  in  which  a  bullet  traverses  the 
heart  are  very  fatal ;  it  is  stated  that  they  are  usually 
fatal  within  the  hour.  They  may  be  instantly  fatal.  I 
once  saw  a  man  who  had  fired  a  revolver  bullet  into 
his  heart.  He  was  being  arrested  for  embezzlement, 
and  asked  permission  to  get  his  hat  and  coat.  He  then 
snatched  open  his  waistcoat,,  took  a  revolver  from  his 
pocket,  shot  himself  exactly  in  the  left  fifth  intercostal 
space,  as  if  he  had  previously  measured  it  out,  fell  upon  the 
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floor,  and  died  in  a  few  seconds.  In  such  cases  the  heart 
passes  into  a  condition  of  shock,  and  ceases  to  beat ;  death 
takes  place  too  rapidly  for  the  fatal  event  to  be  attributed 
to  loss  of  blood. 

In  these  suddenly  lethal  injuries  there  is  very  little  blood 
extravasated  into  the  pericardial  or  thoracic  cavities.  The 
only  reasonable  way  of  accounting  for  such  rapid  death 
when  the  heart  receives  a  severe  injury  is  to  believe  that  its 
nervous  mechanism  is  paralysed.  This  is  a  bald  statement, 
but  no  other  explanation  is  available.  It  is  recognised  that 
any  mechanical  stimulation  of  short  duration  causes  tem¬ 
porary  arrest  of  the  heart’s  action  and  systolic  contraction. 

A  very  common  cause  of  rapid  death  from  penetrating 
wounds  of  the  heart  is  bleeding,  and  the  fatal  event  in 
these  circumstances  may  be  delayed  for  some  hours.  In 
investigating  the  manner  in  which  death  is  brought  about, 
we  must  realise  that  it  is  not  always  due  to  what  may  con¬ 
veniently  be  called  traumatic  anaemia,  but  by  compression, 
for  the  heart  being  completely  enclosed  in  its  bag  or  peri¬ 
cardium,  the  blood  as  it  issues  from  the  wound  in  the  heart 
fills  the  pericardial  sac,  and  this  effused  blood  may,  and 
occasionally  does,  exert  such  pressure  on  the  big  vessels 
issuing  from  the  base  of  the  heart,  and  so  strangulating  them, 
that  the  organ  becomes  literally  suffocated,  or  drowned  in 
its  own  blood.  The  rapidity  with  which  death  comes 
depends  on  the  size  of  the  wound  in  the  heart.  Until  I 
realised  this  I  often  wondered  why  playwrights  put  long 
speeches  into  the  mouths  of  players  when  they  were  mortally 
wounded  by  heart-thrusts.  There  is  justification  for  the 
speech  made  by  Mercutio  after  Tybalt  ran  his  rapier  into 
the  chest  of  this  quick-witted  creation  of  Shakespeare  : — 
What,  art  thou  hurt  ?  ”  says  Benvolio.  To  this  Mercutio 
replies  : — 

“  Ay,  ay,  a  scratch,  a  scratch;  marry  it  is  enough.” 

To  Romeo’s  suggestion  that  the  hurt  cannot  be  much, 
Mercutio  replies  : — 

“  No ;  ’tis  not  so  deep  as  a  well,  nor  so  wide  as  a  church 
door ;  but  ’tis  enough,  ’twill  serve  :  ask  for  me  to-morrow, 
and  you  shall  find  me  a  grave  man.” 

When  the  weapon  with  which  the  wound  is  inflicted  is  of 
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a  coarse  kind,  and  the  pericardium  is  damaged  and  unable 
to  retain  the  escaping  blood,  death  quickly  comes. 

Wounds  of  the  auricles  are  more  rapidly  fatal  than 
wounds  of  the  ventricles.  This  is  capable  of  explanation. 
We  know  from  observations  on  such  a  vascular  and  mus¬ 
cular  organ  as  the  pregnant  uterus  that  its  walls  may  be 
rudely  divided  by  the  horn  of  an  ox,  or  skilfully  split  by 
the  surgeon  for  many  inches  with  a  scalpel,  yet  the  con¬ 
traction  of  the  muscular  fibre  of  the  uterus  is  so  quick  and 
powerful  that  the  bleeding  stops  and  very  little  blood  is 
lost.  In  grave,  penetrating  injuries  of  the  uterus  by  bullets, 
knives,  or  the  blunt  instruments  of  the  gynaecologist  and 
the  clumsy  tools  of  the  criminal  abortionist,  death  from 
bleeding  is  almost  unknown.  Similar  conditions  happen 
in  the  heart.  It  is  a  fact  derived  from  common  observation 
that  punctured  wounds  of  the  heart  by  a  needle,  hatpin,  or 
a  stiletto  are  rarely  fatal  from  bleeding.  Moreover,  in  cases 
of  stab  wounds  of  the  ventricles,  when  the  chest  wall  has 
been  opened  up  and  the  pulsating  heart  exposed  to  view, 
the  blood  may  sometimes  be  seen  spurting  out  of  the  wound 
in  the  ventricular  wall  during  the  contracting  stage.  In 
some  conditions  when  the  heart  is  thus  exposed  the  surgeon 
finds  free  blood  in  the  pericardial  cavity,  but  cannot  find 
the  puncture ;  he  then  gently  compresses  the  big  vessels  at 
the  base  of  the  heart  and  causes  the  cardiac  cavities  to 
become  over-full,  then  the  blood  spurts  through  the  hole  in 
the  heart’s  wall  and  reveals  the  position  of  the  puncture. 

It  is  true  that  large  wounds  of  the  heart  cause  death  and 
small  wounds  may  heal.  Few  surgeons  realise  how  tolerant 
the  heart  is  of  gross  injuries.  A  boy,  aged  nineteen,  was 
accidentally  impaled  on  an  iron  spike.  An  examination  of 
the  wound  revealed  a  hole  in  the  wall  of  the  right  ventricle 
so  big  that  it  admitted  three  fingers.  Twenty- three  sutures 
were  needed  to  close  the  wound  in  the  heart.  The  operation 
was  performed  three  hours  after  the  injury.  The  boy 
survived  eleven  days,  and  died  of  slow  leakage  of  blood  into 
the  pericardium  (Travers).  We  agree  with  Peck  that  this 
is  probably  the  most  extensive  heart  wound  ever  sutured 
with  even  temporary  success.” 

The  heart  may  be  traversed  by  a  bullet  and  the  patient 
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recover.  Connor  recorded  a  case  in  which  a  boy,  aged 
fifteen,  was  wounded  in  the  cardiac  region  by  a  pistol  bullet. 
He  remained  ill  for  some  days,  but  was  able  to  get  about 
again,  though  he  remained  weak  and  anaemic.  He  died 
three  years  after  the  injury.  It  was  found,  on  examining 
the  heart  after  death,  that  the  bullet  had  traversed  the  right 
ventricle,  and  opened  the  left  ventricle  and  the  right  auricle ; 
the  bullet  had  lodged  at  the  root  of  the  lower  lobe  of  the 
right  lung. 

Diagnosis 

When  a  patient  comes  under  observation  after  a  severe 
injury  to  the  chest  caused  by  a  fall,  or  from  being  run  over, 
kicked  by  a  horse,  gored  by  an  ox,  transfixed  by  the  pole  of 
a  van  or  a  carriage,  shot  accidentally  by  a  friend,  designedly 
by  an  adversary,  or  intentionally  by  himself,  stabbed  in 
a  fit  of  jealousy,  in  a  civil  broil,  in  revenge,  or  in  one 
or  other  of  the  thousand  and  one  ways  in  which  such 
injuries  are  produced,  it  remains  for  the  surgeon  to  decide 
whether  the  heart  is  injured,  and  if  the  heart  has  received 
serious  injury,  the  surgeon  must  also  endeavour  to  deter¬ 
mine  whether  the  injury  concerns  this  organ  alone,  or  impli¬ 
cates  other  important  structures,  such  as  the  lung,  pleura, 
diaphragm,  colon,  stomach,  or  liver. 

In  surgical  books  the  rules  laid  down  for  our  guidance  are 
clear,  but  it  often  requires  some  acumen,  as  well  as  experience, 
to  ascertain  the  nature  of  the  injury  and  its  extent.  In¬ 
jured  patients  do  not  come  under  our  observation  with  their 
injuries  labelled ;  were  this  so  our  work  would  be  simplified. 
It  is  easy  to  act  when  we  know  the  conditions  which  require 
the  action. 

The  heart,  when  full  of  blood  and  discharging  its  functions, 
occupies  a  considerable  space  in  the  left  half  of  the  thoracic 
cavity.  Under  normal  conditions  a  small  portion  passes 
across  the  middle  line  to  the  right  side  of  the  thoracic 
cavity,  and  this  portion  is  a  part  of  the  right  auricle  (in  cases 
of  transposition  of  viscera  these  relations  are  reversed). 
The  left  auricle  lies  in  relation  with  the  bodies  of  the  thoracic 
vertebrae  from  the  fourth  to  the  eighth.  The  bulk  of  the 
right  ventricle  and  part  of  the  right  auricle  lie  on  the 
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diaphragm,  separated,  of  course,  from  this  muscle  by 
the  pericardium.  Although  a  large  area  of  the  pericardium 
is  in  relation  with  the  anterior  wall  of  the  left  half  of  the 
chest,  the  greater  part  of  this  area  has  the  anterior  thin  edge 
of  the  lung,  and  the  pleura  associated  with  it,  lying  between 
the  pericardiuln  and  the  chest  wall.  The  area  of  the  peri¬ 
cardium  in  actual  contact  with  the  chest  wall  is  very  small. 
These  relations  are  important,  because  it  is  in  a  very  small 
proportion  of  cases  that  the  pericardium  and  heart  are 
injured  in  punctured  wounds  of  the  chest  unassociated  with 
wounds  of  lung  or  pleura,  and  in  a  fair  proportion  of  instances 
the  peritoneum  also,  for  the  heart  may  be  wounded  by 
thrusts,  malicious  as  well  as  accidental,  from  the  back,  as 
well  as  from  the  side,  and  from  below  as  well  as  in  the 
commonest  of  all  directions,  from  the  front. 

When  a  man  or  woman  is  seen  with  a  knife,  a  long  needle, 
or  a  dagger  sticking  in  the  cardiac  region  of  the  chest  and 
the  victim  is  living,  the  handle  of  the  knife,  dagger,  or 
projecting  portion  of  the  needle  moves  synchronously  with 
the  beating  of  the  heart. 

Homer  was  acquainted  with  this  sign  of  injury  to  the 
heart : — 

“  His  lance  bold  Thoas  at  the  conqueror  sent. 

Deep  in  his  breast  above  the  pap  it  went. 

Amid  the  lungs  was  fix’d  the  winged  wood. 

And  quivering  in  his  heaving  bosom  stood.” 

{Iliad  IV.) 

All  surgeons  who  read  the  Iliad  of  Homer  will  agree  mth 
Buckley  that  ''  Homer  is  most  anatomically  correct"^as  to 
the  parts  of  the  body  in  which  a  wound  would  be^immedi- 
ately  mortal.”  Modern  playwrights  would  not  waste  their 
time  if  they  read  some  anatomy  and  surgery. 


Heart  Tamponade 

The  heart  may  be  wounded  with  a  bullet  or  a  sharp 
instrument,  and  bleed  profusely  into  the  pericardial  sac, 
and  no  blood  escape  externally.  A  patient  in  this  con¬ 
dition  always  exhibits  symptoms  the  gravity  of  which  are 
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out  of  all  proportion  to  the  size  of  the  external  wound. 
Then  signs  indicative  of  profuse  internal  haemorrhage  (or 
traumatic  anaemia)  arise,  such  as  shock,  pallor,  rapid  pulse, 
cold  sweats,  sighing  respiration,  subnormal  temperature, 
and  restlessness.  If  measures  are  not  promptly  taken  to 
stay  the  bleeding,  death  is  not  long  delayed.  When  the 
bleeding  takes  place  into  the  pericardial  cavity  and  the 
blood  is  retained  in  this  bag,  producing  compression  of 
the  vessels,  the  clinical  signs  are  often  characteristic.  The 
patient  becomes  blue  (cyanosed)  and  breathes  with  difficulty 
(dyspnoea) ;  there  is  an  increase  in  the  area  of  the  cardiac 
dulness,  and  the  sounds  of  the  heart  are  muffied.  The 
diagnosis  of  hsemopericardium  in  the  presence  of  such 
signs  is  not  difficult  to  make.  The  amount  of  blood  which 
the  pericardium  will  hold  is  astonishing.  A  man,  aged 
twenty-three  years,  received  an  injury  to  his  heart  whilst 
playing  at  football.  Eventually  C.  Mansell-Moullin  through 
an  incision  in  the  fifth  intercostal  space  drained  away  six 
pints  of  blood.  A  woman,  aged  fifty-six,  stabbed  with  a 
narrow-bladed  knife,  lay  ill  for  seven  months  and  died. 
An  examination  after  death  revealed  2000  cm.  of  blood  in 
the  pericardium,  which  had  escaped  from  a  wound  of  a 
small  branch  of  the  right  coronary  artery  (Peck). 

When  the  pleura  and  lung,  as  well  as  the  heart,  are 
injured,  curious  sounds  may  be  heard  on  auscultation — - 
splashing,  whistling,  gurgling,  and  similar  weird  noises. 

When  a  cardiac  injury  is  complicated  with  a  wound  of 
the  pleura,  air  will  rush  in  and  out  of  the  thorax  with  the 
respiratory  movements  and  cause  the  blood  to  appear 
frothy  as  it  issues  through  the  external  wound.  It  is 
estimated  that  in  80  per  cent,  of  the  wounds  of  the  heart 
the  pleura  is  injured  likewise,  and  the  importance  of  this  is 
very  great,  for  pleuro-pericardial  infections  are  the  common 
causes  of  death  after  operations  performed  for  injury  to 
the  heart. 


Treatment 

Previous  to  1896  it  was  the  custom  to  teach  that  in  the 
majority  of  cases  injuries  of  the  heart  do  not  admit  of  any 
treatment,  and  this  is  in  a  measure  true  to-day. 
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Severe  injuries  to  the  heart  are  still  as  fatal  as  formerly, 
because  life  is  destroyed  so  quickly  that  surgery  has  no 
chance ;  punctured  wounds  of  the  heart  leading  to  haemo- 
pericardium  are  submitted  to  surgical  treatment  with  fair 
prospect  of  success,  and  if  there  be  no  concurrent  wound 
of  the  pleura  the  chances  of  success  are  great.  The  method 
of  saving  life  in  such  circumstances  may  be  definitely 
formulated.  It  consists  in  exposing  the  pericardium  by 
fashioning  an  osteoplastic  flap  from  the  chest  wall  and 
turning  it  to  one  side  so  as  to  expose  the  pericardium  ; 
then  in  opening  this  membrane  and  exposing  the  heart, 
finding  the  wound,  and  closing  it  by  means  of  sutures. 

Anaesthesia. — The  administration  of  an  anaesthetic  in 
operations  for  exposing  an  injured  heart  for  the  purpose  of 
applying  sutures  to  the  wound  cannot  be  determined  by 
rules ;  it  must  be  left  to  the  judgment  of  the  surgeon.  In 
some  cases  the  patient  has  been  so  collapsed  that  the  use  of 
an  anaesthetic  is  contraindicated.  In  such  cases  the  patient, 
being  in  a  state  of  collapse,  would  probably  be  insensible  to 
painful  sensations.  In  others  the  excitement  would  be  so 
extreme  as  to  render  the  administration  of  chloroform 
highly  desirable.  These  remarks  only  apply  to  cases  of 
primary  suture.  In  operations  for  suturing  a  wound 
which  has  been  inflicted  some  hours  previously,  as  for 
extracting  foreign  bodies  from  its  walls  which  have  been 
embedded  many  days,  or  even  weeks,  the  induction  of 
unconsciousness  by  ether  or  chloroform  is  as  necessary  and 
as  advantageous  as  in  any  of  the  common  operations  of 
surgery. 

Operation. — The  manner  of  conducting  surgical  opera¬ 
tions  for  punctured  wounds  of  the  heart  requires  careful 
consideration.  Sepsis  is  the  common  cause  of  failure.  This 
is  in  part  due  to  the  difflculty  of  preparing  the  patient  for 
the  operation  mth  the  same  thoroughness  as  in  cases  less 
urgent,  but  chiefly  to  the  fact  that  the  injury  is  inflicted 
Avith  a  dirty  (septic)  instrument  or  weapon,  and  if  the 
pleura  be  injured,  as  is  so  commonly  the  case,  air  and  germs 
have  free  access  to  the  parts. 

There  are  several  methods  for  exposing  a  wounded  heart ; 
each  has  its  advocates,  like  special  modes  in  performing 
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amputation  of  a  limb.  The  exposure  of  the  heart  is  a 
relativelj^  simple  matter ;  the  surgeon’s  difficulties  in  localising 
and  dealing  with  the  wound  in  the  heart  are  often  great. 
A  wound  in  an  auricle  or  in  a  ventricle  is  usually  seen  at 
once.  The  blood  issues  intermittently.  Sometimes  the 
wound  is  not  so  obvious ;  then  by  gently  compressing 
the  vessels  at  the  root  of  the  heart  the  cavities  fill,  and 
the  leaking  spot  is  seen.  The  wound  may  be  large  and  blood 
gush  out  freely ;  this  may  be  checked  by  gently  compressing 
the  walls  on  each  side  of  the  wound,  or  even  introducing  the 
finger  as  a  plug. 

When  the  surgeon  finds  the  wound,  and  clears  away  the 
blood,  he  then  closes  the  opening  in  the  heart  with  sutures. 
The  material  used  for  this  purpose  is  either  thin  sterilised 
silk  or  catgut.  Of  these  silk  is  preferable,  and  it  is  most 
convemently  introduced  with  a  curved  needle.  The  number 
required  varies  with  the  size  of  the  wound,  and  it  is  useful, 
if  the  wound  requires  a  series  of  sutures,  after  introducing 
the  first  one,  to  use  it  as  a  retaining  suture  in  order  to  steady 
the  heart,  and  thus  facilitate  the  process  of  suturing.  It  is 
preferable  to  use  interrupted  sutures ;  they  should  be  passed 
in  such  a  manner  as  to  avoid  the  thread  projecting  into  the 
cavity  of  the  heart ;  such  a  thread  might  lead  to  the  forma¬ 
tion  of  a  thrombus  and  a  consequent  embolus.  It  can  be 
imagined  that  it  is  not  always  an  easy  matter  to  pass  sutures 
successfully  through  the  wall  of  the  living  heart,  especially 
if  it  be  beating  tumultuously,  as  is  sometimes  the  case  during 
the  progress  of  such  operations.  In  tying  the  sutures  care 
should  be  taken  not  to  pull  them  too  hard,  or  the  tissues  of 
the  heart  will  tear.  The  number  of  sutures  required  to 
close  a  hole  in  the  heart  wall  varies  greatly.  When  the 
wound  is  effectively  sewn  up  the  surgeon  should  examine 
the  posterior  surface  of  the  heart,  for  in  stab  wounds  the 
organ  is  sometimes  completely  transfixed.  Success  has 
followed  the  operative  treatment  of  such  a  severe  injury. 

It  has  also  happened  that  bullets  have  traversed  the 
heart  completely,  and  the  aperture  of  entry  and  that  of 
exit  have  been  closed  with  sutures  and  the  patient’s  life 
saved.  In  one  remarkable  instance  a  revolver  bullet 
(5  mm.)  entered  the  right  ventricle,  and  the  aperture  of 
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entry  was  closed  with  sutures ;  on  careful  palpation  the 
bullet  was  detected  in  the  posterior  wall  of  the  left  ventricle 
and  removed  with  success  (von  Manteuffel).  In  this  case 
the  surgeon  states  that,  when  the  opening  in  the  right 
ventricle  was  exposed,  a  blood  fountain  |  metre  high  gushed 
out  with  each  systole  of  the  heart. 

A  remarkable  case  was  reported  in  1908  by  Guinard.  A 
gargon  de  cafe,  aged  twenty-six,  was  shot  in  the  chest  and 
abdomen;  one  bullet  entered  the  ninth  intercostal  space, 
four  inches  to  the  left  of  the  spinous  process.  The  abdomen 
was  opened  and  nothing  found.  Four  months  later  the 
man  returned  complaining  of  dyspnoea,  cough,  and  inflam¬ 
matory  oedema  of  the  chest  wall  below  and  to  the  outside 
of  the  nipple  line.  The  X-rays  revealed  the  bullet  an  inch 
or  so  behind  the  ribs.  The  sixth  rib  was  resected  and  the 
pericardium  opened.  The  bullet  (7  mm.),  surrounded  by 
a  piece  of  the  man’s  shirt,  was  extracted  with  forceps. 
He  recovered  in  spite  of  an  extensive  pleural  effusion.  A 
piece  of  the  man’s  coat  had  also  been  carried  in  with  the 
bullet ;  it  lay  under  the  chest  wall. 

It  has  happened  that  a  man  sustains  a  serious  damage  to 
his  chest,  and  the  surgeon  in  charge  suspects  an  injury  to 
the  heart;  on  opening  the  pericardium  he  finds  the  heart 
uninjured.  In  all  cases  of  cardiac  wounds  which  are  treated 
by  operative  methods  it  is  important  that  the  surgeon 
should,  in  the  course  of  the  operation,  examine  the  lung  and 
pleura,  in  order  to  ascertain  their  freedom,  or  otherwise, 
from  injury.  If  the  pleural  cavity  contain  blood  it  must  be 
removed  carefully,  and  the  hole  in  the  pleura  should  be 
closed  with  sutures  of  fine  silk.  Blood,  sometimes  in  large 
quantity,  has  been  poured  out  from  a  wounded  heart  into 
the  pleura ;  this  has  been  removed  in  the  course  of  the 
operation,  and  the  pleura  closed  without  drainage. 

This  is  an  important  detail.  Many  surgeons,  in  reporting 
cases  of  cardiac  suture,  insist  on  the  avoidance  of  drainage, 
believing  that  some  of  the  patients  who  have  survived  the 
immediate  shock  of  the  initial  injury  and  the  operation 
have  died  from  septic  sequelae.  Some  of  these  septic  com¬ 
plications  probably  arose  from  secondary  infection  through 
the  drainage  tube. 
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Wounds  of  an  auricle  are  more  dangerous  than  wounds 
of  a  ventricle.  The  secondary  causes  of  death  are  peri¬ 
carditis,  pleurisy,  pneumonia,  and  broncho-pneumonia. 

In  spite  of  the  high  mortality  it  is  a  matter  for  con¬ 
gratulation  that  surgery  can  save  35  per  cent,  of  the  patients 
suffering  from  a  wound  which,  when  untreated,  is  usually 
mortal. 
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MISSILES  AS  EMBOLI 

Missiles  often  attain  more  curious  places  by  accident 
than  they  could  obtain  by  design. 

A  BOY,  aged  ten,  made  a  gun  of  a  telescopic  toasting-fork. 
To  form  the  breech  of  the  gun  he  drove  a  plug  of  wood  three 
inches  into  the  hollow  handle  of  the  fork  and  made  a  touch- 
hole.  When  the  gunpowder  exploded  the  stick  was  forced 
into  his  chest  between  the  third  and  fourth  costal  cartilages, 
to  the  right  of  the  sternum.  Immediately  after  the  accident 
the  boy  walked  a  distance  of  forty  yards  to  his  home.  He 
survived  the  accident  thirty-seven  days.  After  death  a 
piece  of  wood,  three  inches  long  and  as  thick  as  a  cedar 
pencil,  was  found  in  the  right  ventricle  of  the  heart  encrusted 
in  clot  (Fig.  63).  Thomas  Davis  reported  these  facts  in 
1834;  he  found  no  wound  in  the  pericardium  or  the  heart, 
and  expressed  the  opinion  that  the  stick,  after  wounding 
the  lung,  passed  into  the  vena  cava  and  was  carried  by  the 
blood  stream  into  the  right  auricle  and  then  into  the  right 
ventricle,  where  it  was  found.  On  reading  this  report  for 
the  first  time  I  was  sceptical  in  regard  to  the  embolic  theory 
that  Davis  advanced  to  explain  the  presence  of  the  stick  in 
the  ventricle,  for  at  the  date  of  the  accident  surgeons  knew 
nothing  of  the  transport  of  blood-clot  either  to  or  from  the 
heart.  It  was  at  least  a  quarter  of  a  century  later  that  the 
word  embolus  was  coined  by  Virchow,  and  the  dangers 
underlying  the  movement  of  clot  began  to  be  understood. 

At  the  storming  of  the  Great  Pagoda,  Rangoon,  1852,  a 
round  leaden  bullet  entered  the  chest  of  a  soldier  between 
the  third  and  fourth  ribs  near  the  anterior  fold  of  the  left 
axilla.  Blood  and  air  issued  from  the  wound  for  several 
days,  and  the  surrounding  tissues  became  emphysematous. 
The  man  was  attended  in  the  field  hospital  by  Dr.  J.  Eayrer 
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(the  late  Sir  Joseph  Fayrer),  the  symptoms  abated,  and 
the  patient  came  under  the  care  of  Dr.  W.  White.  The 
soldier  died  seventy-two  days  after  being  wounded.  An 
examination  of  the  body  revealed  a  pint  of  pus  in  the  left 
pleural  cavity,  and  a  piece  of  cloth  from  his  jacket.  The 
lung  was  solid.  The  track  of  the  missile  ran  through  the 
chest  to  the  left  pulmonary  veins.  The  rifle  ball  lay  in 
the  left  ventricle  of  the  heart  near  its  apex.  There  was  no 
wound  of  the  heart.  It  appeared  from  these  facts  that  the 


Fig.  63. — Right  ventricle  of  a  boy’s  heart  containing  a  piece  of  stick 
3  ins.  long  that  was  carried  into  it  by  the  blood  stream  {T.  Davis, 
1834). 

ball  perforated  one  of  the  left  pulmonary  veins,  entered  the 
left  auricle,  and  finally  passed  into,  and  settled  in,  the  left 
ventricle.  The  heart  is  preserved  in  the  Museum  of  the 
Medical  College,  Calcutta. 

These  are  the  two  earliest  records  I  can  find  of  missiles 
entering  the  cavities  of  the  heart  as  emboli. 

Wounds  of  the  heart  received  little  attention  from  surgeons 
until  Farina,  of  Rome,  quickened  interest  in  the  matter  by 
stitching  a  stab -wound  of  the  heart  at  the  Spedale  della 
Consolazione  in  1896  (see  p.  129). 
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Gunshot  as  well  as  incised  wounds  of  the  heart  soon 
attracted  the  attention  and  enterprise  of  surgeons.  The 
Great  War  has  furnished  many  remarkable  examples  of  the 
manner  in  which  missiles  enter  and  leave  the  heart,  and  some 
instructive  preparations  illustrating  such  accidents  are  com¬ 
prised  in  the  War  Office  collection  of  pathological  specimens. 


Fig.  64. — Right  ventricle  of  the  heart  with  a  piece  of  shrapnel  which 
arrived  as  an  embolus  {War  Ojfice  Collection). 

A  study  of  these  preparations  proves  conclusively  that 
missiles  occasionally  become  dangerous  emboli. 

The  heart  represented  in  Eig.  64  was  obtained  from  a 
soldier,  aged  twenty-three,  who  died  after  being  wounded 
in  several  places,  including  the  arm,  chest,  and  knee.  There 
was  a  hole  in  the  right  side  of  his  chest,  in  the  right  leaf  of 
the  diaphragm,  and  in  the  inferior  vena  cava  2J  cm.  below 
the  place  where  the  hepatic  vein  joins  the  caval  vein.  A 
flat  piece  of  shrapnel,  2  cm.  square  and  12  mm.  thick,  lay 
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in  the  right  ventricle  of  the  heart.  There  was  no  wound 
of  the  heart.  The  piece  of  metal,  after  piercing  the  chest 
wall  and  the  diaphragm,  entered  the  inferior  vena  cava,  and 
the  blood  current  transported  it  to  the  heart.  There  was 
nothing  in  the  clinical  history  to  suggest  that  the  piece  of 
metal  in  the  ventricle  hampered  the  action  of  the  heart. 
The  man  died  from  severe  streptococcal  infection  (Ritchie). 

The  hepatic  vein  seems  to  be  a  convenient  channel  for 
metallic  emboli ;  in  the  same  collection  there  is  a  heart  with 
a  fragment  of  metal  detained  among  the  cords  of  the 
tricuspid  valve.  It  belonged  to  a  soldier  wounded  in  the 
liver.  There  is  a  hole  in  the  hepatic  vein  through  which 
the  missile  reached  in  turn  the  vena  cava,  the  right  auricle, 
and  the  right  ventricle,  where  it  was  detained. 

A  bullet  loose  in  the  cavitv  of  the  heart  is 

*/ 

swirled  by  the  blood  current. 

The  movements  of  shrapnel  bullets  in  the  cavities  of  the 
heart  can  be  made  visible  by  radioscopic  methods.  One 
in  the  right  auricle  performed  whirling  movements  in  an 
elliptic  orbit  with  a  major  axis  of  2  cm.  (Barret) ;  another 
observed  by  Ledoux-Lebard  in  the  right  ventricle  s^agitait 
comme  la  Mile  dhin  grelot.  Lobligeois  detected  a  shrapnel 
ball  in  the  left  ventricle  and  watched  its  motion.  In  diastole 
the  ball  rested  near  the  apex  of  the  heart.  During  systole 
it  slipped  rapidly  to  the  right,  struck  the  septum,  rose  in 
the  ventricle,  remained  still  for  an  instant,  and  then  de¬ 
scended  slowly  during  systole  till  it  reached  the  position 
near  the  apex  of  the  heart  from  whence  it  started.  The 
movements  occurred  with  great  rapidity. 

A  bullet  in  the  right  ventricle  may  be  ejected 
and  produce  fatal  pulmonary  embolism. 

A  German  bullet  (Spitzgeschoss)  wounded  the  left  external 
iliac  artery  of  a  soldier  and  penetrated  the  adjacent  ihac 
vein,  causing  an  arterio-venous  aneurysm  of  these  vessels. 
The  blood  current  carried  the  bullet  along  the  big  veins 
to  the  heart.  It  was  ejected  from  the  right  ventricle 
and  plugged  the  left  pulmonary  artery.  The  soldier  sur- 
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vived  these  extraordinary  sequences,  including  an  ampu¬ 
tation  of  the  leg,  one  month.  The  iliac  vessels  and  the 
lung  are  preserved  in  the  War  Office  collection.  The 
clinical  and  pathological  features  of  the  case,  described 
by  Captain  Fry,  are  worthy  careful  perusal. 

A  rifle  bullet  hit  an  officer  in  the  left  loin  5  cm.  above 
the  highest  point  of  the  iliac  crest.  He  died  in  eleven  and 
a  half  hours.  The  missile  had  passed  through  the  stomach, 
left  lobe  of  the  liver,  dia]3hragm,  and  entered  the  heart 
through  its  posterior  wall,  perforating  a  flap  of  the  tricuspid 
valve.  The  bullet  was  found,  firmly  impacted  in  the  upper 
branch  of  the  right  pulmonary  artery  (Fullerton). 

A  missile  in  the  left  ventricle  may  be  driven  into 
a  systemic  artery  and  produce  ischaemia. 

A  boy,  aged  eighteen,  shot  himself  in  the  heart  with  a 
7  mm.  revolver.  There  was  much  shock  for  some  hours. 
Next  day  the  lad  complained  of  pain  in  the  right  arm,  and 
the  limb  presented  signs  of  ischaemic  paralysis,  and  the 
bullet  could  be  felt  in  the  axilla.  Ten  weeks  later  the 
bullet  was  excised  from  the  axillary  artery :  the  vessel 
above  and  below  the  bullet  was  occupied  by  clot  (Schloffer). 
In  this  instance  it  is  probable  that  the  bullet  penetrated 
the  chest,  the  wall  of  the  heart,  and  lodged  in  the  cavity 
of  the  left  ventricle ;  it  was  then  expelled  as  an  embolus 
through  the  aorta,  innominate  and  subclavian  arteries,  to 
be  impacted  in  the  axillary  artery.  The  ischsemia  slowly 
disappeared.  As  this  boy  recovered,  no  exact  facts  are 
forthcoming  as  to  the  route  in  which  the  bullet  entered  the 
heart. 

O’Neill  had  an  opportunity  of  actually  localising  a  missile 
in  the  left  ventricle  radioscopically  and  subsequently  finding 
it  in  the  common  iliac  artery. 

A  soldier  was  brought  into  a  casualty  clearing  station 
badly  wounded.  He  was  screened,  and  a  missile  was  clearly 
visible  in  the  left  ventricle  of  the  heart.  Half  an  hour  later 
symptoms  of  ischaemia  appeared  in  the  left  leg,  and  a  piece 
of  metal  was  localised  in  the  left  common  iliac  artery.  The 
man  was  suffering  from  gas  gangrene  and  died  five  days 
after  being  wounded.  There  was  a  hole  in  the  wall  of  the 
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left  ventricle,  a  ragged  wound  on  the  septal  wall,  and  some 
cords  of  the  mitral  valve  were  torn.  The  heart  muscle 
contained  gas  (Fig.  65).  A  piece  of  metal  lay  at  the  bifurca¬ 
tion  of  the  left  common  iliac  artery  embedded  in  clot. 

A  French  soldier  was  hit  in  the  arm-pit  by  a  bullet  from 
a  machine-gun.  Twelve  days  later  it  was  detected  radio - 
scopically  in  the  left  ventricle  of  the  heart ;  at  the  end  of 
a  week  the  man  was  re-examined  and  the  bullet  could  be 


Fig.  65,- — Left  ventricle  of  a  heart.  A  fragment  of  metal  entered 
through  its  posterior  wall,  damaged  the  septal  wall,  and  was 
expelled  as  an  embolus.  The' heart  shows  changes  associated 
with  gas  gangrene  [War  Office  Collection). 

seen  in  the  ventricle,  its  tip,  pointing  upwards,  oscillating 
with  the  movements  of  the  heart.  Ten  days  later  the 
missile  was  driven  from  the  heart  and  impacted  in  the  right 
common  iliac  artery  culot  en  has.  Perdoux  successfully 
removed  it  by  a  transperitoneal  operation  (Baumgartner). 

Missiles  may  enter  a  large  artery  and  behave 
as  emboli  without  entering  the  heart. 

A  soldier  was  wounded  in  the  chest  with  a  rifle  bullet. 
Captain  Blair  evacuated  four  pints  of  effused  blood  from 
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the  chest  and  sewed  up  the  wound.  Streptococci  were 
obtained  in  culture  from  the  effused  blood  and  the  man 
died  on  the  fifth  day.  Before  he  died,  a  bullet  could  be  felt 
in  the  left  external  iliac  artery.  After  death  a  small  wound 
was  found  in  the  aorta  just  below  the  arch ;  this  wound 
marked  the  place  of  entry,  and  the  bullet  was  conveyed  as 


Fig.  66. — Termination  of  the  aorta 
and  the  iliac  arteries  opened  from 
behind.  An  embolic  bullet  is 
lodged  in  the  external  iliac.  It 
entered  the  thoracic  aorta  {War 
Ojjice  Collection). 


Fig.  67. — Termination  of  the  aorta 
and  the  iliac  arteries.  A  bullet 
penetrated  the  thoracic  aorta. 
The  soldier  died  on  the  nineteenth 
day  after  being  wounded.  A 
deformed  shrapnel  bullet  was 
found  in  the  left  common  iliac 
artery  {War  Office  Collection). 


an  embolus  along  the  aorta  into  the  iliac  artery.  Each  end  of 
the  bullet  is  embedded  in  firm  clot  (Fig.  66).  A  similar 
injury  with  the  same  result  is  depicted  in  Fig  67,  but  the 
missile  was  a  deformed  shrapnel  ball. 

In  the  time  of  the  Napoleonic  Wars  some  English  sailors 
were  engaged  in  “  cutting  out  ”  a  French  vessel  in  the 
Mediterranean.  One  of  the  seamen  employed  in  rowing  a 
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boat  was  wounded  by  a  round-ball  which  hit  the  oar,  ran 
along  it,  and  entered  the  side  of  his  chest.  He  was  attended 
by  Mr.  Brunton,  assistant  surgeon,  and  survived  the  injury 
three  days.  The  ball,  which  measured  one  and  a  quarter 
inches  in  circumference,  had  penetrated  the  first  part  of  the 
aorta,  and  lay  within  its  lumen,  embedded  in  clot.  The  hole 
in  the  wall  of  the  aorta  was  partially  closed  by  a  plug  of  skin 
and  fat  carried  in  by  the  ball.  The  piece  of  aorta,  with  the 
clot  in  situ,  and  the  ball  are  preserved  in  the  Museum  of  the 
Royal  College  of  Surgeons.  The  specimen  was  presented  to 
the  College  by  Stephen  Hammick  about  the  middle  of  the 
nineteenth  century. 

Penetrating  bullet  wounds  of  the  aorta  are 
not  always  fatal. 

A  Westphalian  miner,  aged  thirty-two,  attempted  suicide 
by  shooting  himself  with  a  revolver.  The  bullet  entered  the 
left  side  of  the  chest  near  the  seventh  rib.  After  the  injury 
there  was  no  disturbance  of  the  heart’s  action,  and  a  radib- 
scopic  examination  failed  to  furnish  evidence  of  the  bullet. 
An  effusion  in  the  left  pleural  cavity  disappeared  in  a  few 
weeks  and  the  man  recovered  completely.  Thirteen  months 
later  he  was  killed  bv  an  electric  current  in  the  course  of 
his  occupation.  A  bullet,  8  mm.,  was  found  in  an  aortic 
sinus.  Just  above  the  valve  there  was  a  scar  in  the  wall  of 
the  aorta  where  the  bullet  had  pierced  it.  The  bullet  was 
attached  to  the  wall  by  a  slender  pedicle  (Tegeler). 

A  study  of  bullet  wounds  in  civil  practice  shows  that  the 
7  mm.  revolver  bullet  behaves  in  a  remarkable  wa}^  to  the 
heart  and  big  blood-vessels.  It  has  perforated  the  heart 
and  it  has  penetrated  the  aorta  without  causing  death. 
When  such  a  bullet  penetrates  a  large  artery  it  may  be  pro¬ 
pelled  along  it  by  the  blood  current  or  slip  along  the  vessel 
by  its  own  weight  until  it  becomes  impacted  in  a  section 
of  the  vessel  too  small  to  permit  its  passage ;  then  ischsemia 
occurs  with  evil  consequences. 

Many  men  and  women  have  survived  wounds  made  by 
7  mm.  bullets  which  entered  the  body  in  the  vicinity  of 
big  blood-vessels,  and  it  is  highly  probable  that  the  undis¬ 
covered  tracks  of  many  such  bullets  are  even  more  remark- 
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able  than  those  already  known.  Of  this  we  may  be 
sure  :  there  are  missiles  ensconced  in  curious  situations  in 
the  bodies  of  soldiers  that  baffled  the  surgeons  who  sought 
for  them,  though  aided  by  X-rays,  sharp  scalpels,  and  zeal. 
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CHAPTER  XX 


HERNIA  OF  THE  UTERUS  IN  MEN  AND 

WOMEN 

The  presence  of  vestiges  of  the  male  sexual 
organs  in  females,  and  conversely  the  presence 
of  vestiges  of  the  female  sexual  organs  in 
males,  indicates  that  men  and  women  are 
descended  from  hermaphrodite  ancestors. 

An  eccentric  old  man,  whose  aches  and  pains  were  ascribed 
to  hysteria  by  his  doctor,  made  a  curious  will :  he  left  his 
riches  to  his  dear  wife,  and  his  womb  to  the  doctor,  if  he 
could  find  it.  Although  the  probabilities  were  against  the 
doctor,  his  search  might  have  been  successful,  as  I  will 
endeavour  to  prove.  Observations  in  the  wards  and 
operating-rooms  of  the  hospital  teach  that  almost  any 
abdominal  viscus  may  stray  into  the  sac  of  an  inguinal, 
or  a  femoral  hernia.  The  common  thing  to  occupy  a  hernial 
sac  is  a  piece  of  omentum,  or  a  loop  of  bowel :  among 
uncommon  things,  the  vermiform  appendix,  the  csecum,  or 
a  persistent  vitello-intestinal  duct ;  rarely,  a  pouch  of  the 
bladder,  a  loop  of  ureter,  or  the  fundus  of  the  gall  bladder 
may  be  found  in  it.  It  is  the  practice  among  surgical 
writers  to  denote  by  special  terms  the  viscus  which  occupies 
the  hernial  sac.  Thus,  we  have  such  names  as  enter ocele, 
epiplocele,  cystocele,  and  the  like.  When  some  of 
the  internal  reproductive  organs  of  girls  or  women  are 
lodged  in  the  sac  of  an  inguinal  or  a  femoral  hernia,  for 
example,  the  ovary.  Fallopian  tubes,  or  the  uterus,  the 
terms  oophorocele,  salpingocele,  and  hysterocele  are  used, 
or  any  combination  of  these  names,  as  the  occasion  demands. 
The  great  safety  of  modern  operative  surgery,  especially  in 
its  application  to  the  treatment  of  inguinal  and  femoral 
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herniae,  has  led  to  a  significant  increase  in  the  accuracy  of 
our  knowledge  in  regard  to  the  contents  of  hernial  sacs. 
We  know  that  the  sac  of  an  inguinal  hernia  in  female  infants 
often  contains  some  of  the  internal  genitalia ;  usually  it  is 
the  ovary,  occasionally  the  tube  and  ovary.  In  exceptional 
cases  the  tube,  the  ovary,  and  the  greater  part  of  the  uterus 
occupy  the  sac,  sometimes  accompanied  by  a  loop  of  bowel 
or  a  piece  of  omentum.  These  displaced  elements  of  the 
reproductive  organs  may  become  strangulated,  or  undergo 
axial  rotation,  and  lead  to  acute  symptoms  demanding  urgent 
surgical  treatment.  Many  of  the  glandular  bodies  found  in 
the  sacs  of  inguinal  hernise  of  infants,  apparently  girls,  prove 
to  be  testes  when  they  are  examined  microscopically. 

In  adult  women  it  is  exceptional  to  find  representatives 
of  the  internal  genitalia  in  hernial  sacs,  but  they  occur 
with  sufficient  frequency  to  lie  outside  the  category  of 
surgical  curiosities.  Hysteroceles  occur  at  all  ages — in 
infants,  adults,  and  old  women,  in  spinsters  as  well  as 
mothers.  In  nearly  all  the  published  cases  (and  records 
of  more  than  fifty  are  available)  an  operation  was  under¬ 
taken  for  the  relief  of  an  irreducible  or  a  strangulated 
hernia,  when,  to  the  surprise  of  the  surgeon,  a  uterus  with 
one  or  both  sets  of  its  appendages  has  been  found  inside 
the  sac ;  in  many  of  these  instances  the  uterus  has  been 
of  normal  size,  but  in  some  cases  it  was  smaller  than  usual 
and  occasionally  malformed.  A  uterus  occupying  the  sac 
of  an  inguinal  hernia  has  become  gravid,  and  when  the 
pregnancy  ripened,  the  foetus  was  extracted  by  Caesarean 
section.  Even  in  such  ill-starred  circumstances  the  child 
has  survived,  although  the  patient  lost  her  life. 

The  best  known  cases  are  those  reported  by  Ledesma 
(1840)  and  Fischer  (1842).  Among  recent  cases  may  be 
mentioned  one  observed  by  Nores  in  Buenos  Aires  (1901); 
in  this  instance  the  greater  part  of  the  gravid  uterus  remained 
in  the  abdomen,  but  the  legs  of  the  foetus  and  the  placenta 
were  in  that  portion  of  the  uterus  which  occupied  the  hernial 
sac.  Delivery  occurred  spontaneously  ;  the  child  was  dead. 
There  was  difficulty  in  extracting  the  placenta,  so  Nores 
opened  the  hernial  sac ;  it  contained  septic  fluid.  The 
woman  survived  the  operation  only  two  hours. 
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The  rarity  of  hernia  of  the  uterus  has  led  several  writers 
to  play  the  part  of  case  collectors.  Among  the  various 
papers  on  this  subject  the  monograph  by  Cranwell,  of  Buenos 
Aires,  is  the  most  complete. 

During  the  last  ten  years  some  interesting  cases  of  inguinal 
hysterocele  have  been  published  by  Birnbaum,  Andrews, 
Cranwell,  Kellock,  Jopson,  and  Rushton  Parker.  In  all 
the  reported  cases  of  inguinal  hysterectomy  the  operation 
has  been  performed  under  the  impression  that  the  women 
were  suffering  from  an  irreducible  or  a  strangulated  hernia, 
and  in  the  course  of  the  operation  the  surgeon  has  found 
the  uterus  in  the  hernial  sac,  sometimes  alone,  but  occa¬ 
sionally  accompanied  by  intestine.  In  a  few  cases,  especially 
those  reported  in  recent  years,  the  herniated  uterus  has  been 
removed  with  success  (inguinal  hysterectomy).  Although 
the  astonishment  of  the  surgeon  may  be  great  on  finding  a 
uterus  in  the  sac  of  an  inguinal  hernia  in  a  woman,  it  would 
certainly  be  greater  at  finding  a  uterus  in  the  sac  of  an 
inguinal  hernia  in  a  man.  Bewildering  it  may  be,  but  such 
things  happen,  as  I  will  endeavour  to  show. 

Men  are  sharply  distinguished  from  women  by  what  are 
known  as  the  primary  sexual  characters.  These  are  directly 
associated  with  the  function  of  reproduction,  and  comprise 
in  women  the  ovaries,  the  Fallopian  tubes,  and  the  uterus. 
The  recognition  of  a  boy  or  a  girl  depends  on  a  visual 
examination  of  the  external  genitalia.  The  presence  of  a 
penis  and  scrotum  is  accepted  as  a  sufficient  indication  that 
the  child  is  a  boy,  their  absence  leaves  no  doubt  in  the 
mind  of  the  mother  that  her  offspring  is  a  girl,  and  on  these 
signs  the  child  is  named  accordingly.  At  the  time  of  our 
nativity  there  is  no  other  method  available  for  determining 
sex.  Later  in  life  we  have  to  consider  what  are  known  as 
secondary  sexual  characters ;  these  are  features  which  enable 
us  to  distinguish  man  and  woman  from  each  other  irrespec¬ 
tive  of  the  organs  of  reproduction.  Man  possesses  a  beard 
and  greater  muscular  develoioment  than  a  woman,  greater 
physical  strength,  a  more  powerful  voice,  and  often  an 
abundant  growth  of  coarse  hair  on  the  skin.  The  hair  on 
his  pubes  passes  upwards  to  the  umbilicus,  whereas  in 
woman  it  is  as  a  rule  sharply  restricted  to  the  mons 
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veneris.  In  men  there  is  often  a  growth  of  long  hair  on  the 
tragus. 

Secondary  sexual  characters  normally  become  manifest 
at  puberty — by  which  term  we  signify  reproductive  maturity. 
In  girls  puberty  is  strikingly  declared  by  the  institution  of 
menstruation  and  the  development  of  the  breasts  (mammae). 
In  boys  it  is  indicated  by  a  marked  alteration  in  the  voice 
due  to  enlargement  of  the  thyroid  cartilage  and  a  corre¬ 
sponding  increase  in  the  length  of  the  vocal  cords,  and  the 
appearance  of  coarse  hair  on  the  lips  and  chin.  Next  to 
the  possession  of  a  penis,  the  most  striking  feature  in  the 
externa]  genitalia  of  a  male  is  the  presence  of  testicles,  one 
in  each  half  of  the  scrotum,  yet  these  are  not  always  present, 
and  if  a  male  child  has  a  diminutive  penis  and  an  empty 
scrotum,  the  relatives,  midwife,  or  doctor  on  occasions 
have  their  wits  sorely  taxed  to  decide  with  certainty  its 
sex.  The  only  true  test  of  sex  is  the  genital  gland.  The 
possession  of  ovaries  indicates  the  female,  and  the  presence 
of  testes  the  male  sex.  The  testes  differ  from  the  ovaries 
in  an  important  particular,  for  under  normal  conditions  the 
ovaries  occupy  a  position  in  the  pelvis,  one  on  each  side  of 
the  uterus,  but  each  testis  during  foetal  life  descends  from 
the  renal  region,  passes  down  the  inguinal  canal,  and  takes 
up  a  position  in  the  scrotum.  The  cause  of  this  extraordinary 
migration  of  an  abdominal  organ,  and  even  the  actual  forces 
which  produce  it,  remain  a  mystery,  although  the  matter 
has  been  made  the  subject  of  much  investigation  and  still 
more  inconclusive  speculation.  In  some  instances  one  or 
both  testes  fail  to  traverse  the  inguinal  canal,  they  may 
even  fail  to  enter  it ;  but  when  this  happens  it  is  a  certain 
indication  that  the  gland  is  imperfect.  In  the  early  days 
of  medicine,  before  the  exact  function  of  the  ovaries  was 
discovered,  there  could  be  no  certain  test  for  the  determina¬ 
tion  of  sex,  and  it  came  about  that  when  an  individual 
appeared  with  a  diminutive  penis  and  an  empty  scrotum, 
especially  if  the  scrotum  was  incompletely  closed  in  the 
middle  line  (hypospadic  male  with  a  perineo-scrotal  fissure), 
and  a  rounded,  movable  body  occupied  each  inguinal  canal, 
there  would  be  much  excitement  and  speculation  as  to  the 
sex  of  the  child.  Such  unfortunate  individuals  have  been 
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called  from  the  earliest  time  hermaphrodites  (Hermes 
and  Aphrodite),  and  when  they  attained  the  pubic  condi¬ 
tion  and  assumed  the  secondary  sexual  characters,  some 
of  which  belong  to  men  and  others  to  women,  the  diffi¬ 
culties  of  determining  their  sex  were  increased.  It  may 
seem  strange  when  I  tell  you  that  no  sure  method  of  deter¬ 
mining  sex  in  doubtful  cases  was  available  until  von  Baer 
(1829)  discovered  the  human  ovum  (egg),  and  thus  estab¬ 
lished  the  nature  of  the  ovary  (ovarium).  The  change 
which  this  observation  has  wrought  on  theory  and  practice 
is  enormous.  It  is  now  recognised  that  the  testis  is  the 
distinguishing  feature  of  a  man,  and  the  possession  of  an 
ovary  the  mark  of  a  woman;  and  although  it  is  true  that 
among  the  invertebrata  there  are  many  animals  in  which  it 
is  normal  for  one  to  possess  male  and  female  reproductive 
organs  in  a  functional  condition  (true  hermaphrodism), 
there  is  no  instance  on  record  in  which  a  human  being  has 
survived  its  birth  possessing  a  conjoined  functional  ovary 
and  testis  (an  ova-testis),  or  a  perfect  ovary  on  one  side 
and  a  perfect  testis  on  the  other. 

To-day  it  is  recognised  that  the  term  ''  hermaphroditism  ” 
(or,  in  its  shortened  and  more  euphonious  form,  ‘‘  her¬ 
maphrodism  ”),  as  emjdoyed  by  biologists,  is  inapplicable 
to  mammalia  with  imperfect  genitalia,  internal  or  external. 
It  is  customary  now  to  term  such  “  pseudohermaphrodites,” 
and  more  than  95  per  cent,  of  these  unfortunate  individuals 
are  undeveloped  males. 

It  is  important  to  bear  in  mind  that  the  secondary  sexual 
characters  are  often  useful  aids  in  sex  determination.  Ber- 
thold  (Koenigsberg)  was  once  examining  the  larynx  of  a 
patient,  twenty-two  years  of  age,  dressed  and  educated  as 
a  woman.  This  organ  so  resembled  that  of  a  man  as  to 
make  him  suspicious  of  the  sex.  He  cautiously  made  in¬ 
quiries,  and  elicited  that  the  genitalia  were  not  normal. 
Subsequently  it  was  ascertained  that  the  genital  glands 
furnished  spermatozoa,  and  thus  it  was  satisfactorily  proved 
that  the  patient  was  a  man. 

It  is  not  my  intention  to  discuss  at  length  the  fascinating 
subject  of  hermaphrodism,  although  it  is  of  absorbing 
interest  to  biologists.  My  task  is  to  show  that  a  man  may 
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possess  a  well-formed  uterus.  My  interest  in  this  matter 
began  twenty  years  ago,  for  while  dissecting  a  male  foetus, 
born  at  the  eighth  month,  I  found  a  uterus  (corresponding 
in  shape  and  size  to  that  of  a  female  foetus  of  the  same 
proportions  and  corresponding  period  of  intra-uterine  life) 
behind  the  bladder,  communicating  by  means  of  a  small 
vagina  with  the  urethra  in  the  situation  of  the  sinus  pocularis. 
Each  Fallopian  tube  passed  from  the  uterus  as  a  mere 
thread,  and  then  expanded  into  a  fringed  ampulla  as  it 
entered  the  inguinal  canal  and  joined  an  oval  body,  which 
proved  on  microscopical  examination  to  be  a  testis.  The 
penis  was  small  and  hypospadic. 

Stonham  described  a  similar  case  in  1888,  which  occurred 
in  a  boy  aged  nine  months.  This  boy  had  a  congenital 
inguinal  hernia,  and  an  attempt  was  made  to  cure  this 
defect.  When  the  sac  was  opened  a  uterus  with  Fallopian 
tubes  and  bodies,  supposed  to  be  ovaries,  were  found.  The 
child  died,  and  the  parts  were  carefully  dissected.  The 
relations  of  the  uterus  and  the  glandular  bodies  are  presented 
in  Fig.  68.  The  genital  glands  were  examined  microscopi¬ 
cally  and  found  to  be  testes.  In  this  specimen  the  vasa 
efferentia  gradually  lose  themselves  on  the  walls  of  the 
vagina.  This  appears  to  be  the  usual  condition  in  such 
malformations. 

For  many  years  I  have  followed  up  this  subject,  and 
collected  many  instances  in  which  men,  with  incompletely 
developed  external  genital  organs,  have  been  brought  up  as 
women,  and  late  in  life  suffered  from  a  strangulated  hernia. 
In  the  course  of  an  operation  performed  for  its  relief  a 
genital  gland  of  the  shape  and  size  of  an  ovary  has  been 
detected  in  the  canal,  sometimes  associated  with  a  Fallopian 
tube.  When  the  supposed  ovary  has  been  removed  and 
submitted  to  microscopical  examination,  the  investigators 
have  been  astonished  to  find  that  it  was  a  testis.  It  some¬ 
times  happens  that  herniotomy  is  performed  on  a  child  with 
normal  female  external  genitalia,  the  surgeon  removes  a 
rounded  glandular  body  from  the  inguinal  canal  which  he 
believes  to  be  an  ovary,  but  on  microscopical  examination 
it  proves  to  be  a  testis. 

A  large  number  of  such  observations  have  accumulated 
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since  the  operation  known  as  radical  cure  of  inguinal  hernia 
has  been  so  freely  practised.  F.  L.  von  Neugebauer  has 
collected  with  great  industry  scores  of  reported  cases,  and 
analysed  them  in  a  monumental  work. 

The  most  remarkable  cases  are  those  in  wFich  the  surgeon 
performs  an  operation  on  a  man  with  well-formed  external 
genital  organs  for  the  purpose  of  removing  a  tumour  from 
the  scrotum,  but  the  suspected  tumour  proves  to  be  a  uterus. 


Fig.  68. — The  internal  genital  organs  of  a  boy,  nine  months  old.  He 
had  a  well-developed  uterus  and  Fallopian  tubes  and  testicles 
(Stonham). 

Among  the  recorded  cases  of  inguinal  hysterectomy  per¬ 
formed  on  men  the  subjoined  are  worth  mention  : — 

Brossard  (Cairo)  operated  on  a  man,  aged  twenty-six, 
in  order  to  remove  a  tumour  from  the  scrotum.  This 
tumour  proved  to  be  a  uterus  situated  in  a  sac  within  the 
tunica  vaginalis  testis;  the  uterus  measured  9*5  cm.  in 
length.  The  genital  glands  associated  with  it  were  testes. 
The  parts  were  examined  microscopically  by  Professor 
Cornil,  and  he  states  that  the  testes  were  normal  and  sper- 


156 


UTERUS  MASCULINUS 


matogenesis  active.  The  uterus  possessed  an  endometrium 
having  glands  furnished  with  cylindrical  epithelium. 

Arnolds  has  observed  and  reported  the  description  in 
detail  of  a  man,  aged  fifty-nine,  whose  external  genitals 
were  well  developed,  though  he  was  a  cryp  tor  chid  at  birth. 
At  the  age  of  fifteen  a  testicle  appeared  in  the  left  inguinal 
canal ;  he  was  married  at  the  age  of  forty  to  a  widow  who 
had  children  by  her  first  husband,  but  remained  barren  to 
this  man,  although  there  is  reason  to  believe  that  he  was 
potent.  He  came  under  Arnolds’  care  on  account  of  a 
troublesome  swelling  in  the  left  inguinal  region  about  the 
size  of  a  fist,  which  after  careful  consideration  was  thought 
to  be  a  malignant  tumour.  This  induced  Arnolds  to  dissect 
it  out  in  its  sac  entire.  In  the  course  of  the  operation  a 
pedicle  was  found  leading  into  the  abdomen;  this  pedicle 
had  a  lumen.  When  the  tumour  was  subsequently  dissected 
it  contained  a  well -developed  bicornate  uterus  (uterus 
bicornis  unicollis),  with  Fallopian  tubes  and  genital  glands 
occupying  the  position  of  ovaries,  but  on  microscopical 
examination  they  were  proved  to  be  testes.  The  pedicle 
with  the  lumen  proved  to  be  the  cervical  canal. 

Keiffer  has  described  and  figured  a  uterus  removed  from 
a  hernial  sac  of  a  man  who  was  the  father  of  eight  children. 
He  argues  that  it  looked  like  a  uterus,  but  on  microscopical 
examination  it  proved  to  be  musculo-fibrous  hypertrophy 
of  the  utriculus  prostaticus  with  testicles  and  thickened 
spermatic  cords.  He  states  that  so-called  uteri  in  the  male 
are  of  this  nature.  I  cannot  agree  with  him,  for  the  uterus 
masculinus  is  developed  from  the  same  embryological 
structures,  has  the  same  shape  and  histological  structure, 
even  to  the  glands  in  the  endometrium,  as  the  female  uterus. 
Moreover,  I  have  satisfied  myself,  from  a  critical  examination 
of  uteri  removed  from  boys  with  normal  testes,  that  such  uteri 
are  indistinguishable  from  those  of  girls  of  a  corresponding 
age.  The  specimen  represented  in  Fig.  69  is  useful,  for  it 
serves  to  show  that  it  is  difficult,  indeed  impossible  in  some 
cases,  to  determine  the  nature  of  the  sexual  glands  from 
a  mere  naked-eye  inspection.  In  this  instance  the  external 
genital  organs  are  those  of  a  boy  with  undescended  testes. 
The  penis  is  normal  in  shape  and  size,  and  the  scrotum  is 
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apparently  natural,  but  empty.  Standing  above  the  pros¬ 
tate  is  a  uterus  of  the  same  size  and  shape  as  that  of  a  girl 
of  corresponding  age  and  size.  The  genital  glands  occupy 
their  proper  relations  to  the  Fallopian  tubes,  but  they 
present  the  smooth  ovoid  contour  of  a  testis  rather  than 
the  elongated  shape  of  an  infant  ovary.  On  microscopic 
examination  the  glands  were  found  to  be  testes. 


Fig.  69. — The  internal  and  external  genital  organs  of  a  boy,  aged  one 
month.  He  possessed  a  well-developed  uterus  masculinus  associated 
with  testes.  The  right  Iddney  had  two  ureters. 

Embryology  teaches  us  that  the  mammalian  embryo  is 
potentially  hermaphrodite.  The  differentiation  of  the 
primary  germ  mass  into  an  ovary  or  a  testis  is  followed 
by  a  corresponding  development  of  the  correlated  sexual 
organs.  Thus,  when  the  ovary  dominates,  the  Mullerian 
ducts  develop  into  Fallopian  tubes,  uterus,  and  vagina, 
and  the  external  genitalia  assume  the  female  type.  When 
the  testis  is  the  dominating  organ,  the  Wolffian  ducts  become 
vasa  defer entia,  and  the  external  genitalia  develop  into  the 


158  DESCENT  OF  TESTIS  AND  OVARY 


elaborate  organs  characteristic  of  the  male.  Recent  obser¬ 
vations  indicate  that  the  full  structural  and  functional 
development  of  either  set  of  sexual  organs,  primary  and 
secondary,  require  the  full  development  of  the  dominant 
sexual  organ  (ovary  or  testis),  and,  if  this  be  imperfect,  the 
formation  of  the  internal  and  external  genitalia  is  imper¬ 
fect  also.  This  fact  is  in  favour  of  the  view  that  ovaries 
and  testes  furnish  an  internal  secretion  of  great  value 
during  the  early  development  of  the  body.  What  the 
force  is  which  determines  testicular  or  ovarian  domination 
surpasses  the  wit  of  man  to  discover. 

It  may  be,  as  some  thoughtful  biologists  assume,  that 
the  sex  is  really  determined  in  the  egg  even  before  fertilisa¬ 
tion,  which  means  that  the  egg  itself  is  either  male  or  female. 
This  is  possible ;  in  the  present  state  of  knowledge  it  is 
presumptuous  to  affirm  or  to  deny,  but  this  may  be  stated 
with  certainty  :  The  full  development  of  the  genital  organs 
for  either  sex  demands  a  fully -developed  and  functional  sexual 
gland. 

It  is  common  knowledge  that  the  testicles  leave  the 
abdominal  cavity  usually  in  the  course  of  foetal  life  and 
descend  into  the  scrotum.  We  must  also  remember  that 
the  ovaries  in  foetal  life  descend  from  the  renal  region  and 
at  birth  lie  on  the  psoas  and  iliacus  muscles,  near  the  entrance 
to  the  inguinal  canal.  Later  in  life  they  occupy  a  position 
in  the  true  pelvis  near  its  brim. 

This  alteration  is  coincident  with  the  great  change  which 
takes  place  in  the  bony  structures  of  the  pelvis  when  girls 
become  mature  (or  pubic).  The  experience  of  surgeons 
connected  with  hospitals,  especially  those  hospitals  concerned 
with  diseases  of  children,  teaches  that  it  is  quite  common 
to  meet  with  rounded  bodies  in  the  inguinal  canals  of 
female  infants,  and  it  may  also  be  mentioned  that  in  many 
instances  in  which  it  is  deemed  necessary,  on  account  of 
strangulation  or  axial  rotation  of  these  bodies,  to  remove 
them,  when  the  glandular  body  suspected  to  be  an  ovary 
is  examined  microscoj)ically  it  is  occasionally  proved  to  be 
a  testis.  In  all  the  cases  of  uterus  masculinus  which  I  have 
had  opportunities  of  examining  the  testes  were  tethered  to 
the  uterine  cornua  by  short  cords ;  it  is  easily  conceivable 
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that  when  the  spermatic  glands  attempt  to  obey  the  impulse 
which  causes  them  to  traverse  the  inguinal  canals  to  reach 
their  normal  positions  in  the  scrotum  they  drag  the  uterus 
with  them.  In  connection  with  this  I  think  it  is  quite 
possible  that  in  many  instances  in  which  the  uterus  is  found 
occupying  the  sac  of  an  inguinal  hernia  in  women,  and 
especially  in  female  infants,  a  critical  examination  of  the 
minute  structure  of  the  genital  glands  associated  with  it 
would,  in  many  instances,  show  that  they  are  really  testes. 


Fig.  70. — Uterus  and  testes  from  a  pig ;  removed  in  the  operation  of 

spaying. 

though  their  shape  might  lead  the  surgeon  to  regard  them 
as  ovaries,  and  this  in  spite  of  the  fact  that  the  external 
genitalia  were  female  in  type. 

It  has  long  been  known  that  horses,  sheep,  oxen,  goats, 
and  pigs  (Fig.  70),  as  well  as  cats  and  dogs,  may  be  pseudo¬ 
hermaphrodites.  All  students  of  John  Hunter’s  works  know 
well  the  peculiar  conditions  of  the  reproductive  organs 
which  he  described,  and  the  specimens  he  set  up  (now 
preserved  in  the  Museum  of  the  Royal  College  of  Surgeons) 
under  the  farmer’s  title  of  free  martins.”  Stock-breeders 
are  aware  that  “  a  cow-calf  twin-born  with  a  bull-calf  is 
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usually  sterile  ” ;  it  is  known  as  a  free  martin.  This  is 
a  pseudohermaphrodite  and  possesses  a  uterus,  but  the 
genital  glands  are  invariably  testes. 

Experience  taught  stock-breeders  long  ago  that  animals 
with  malformations  of  the  external  genitals  are  useless 
for  breeding  purposes,  and  they  are,  as  a  rule,  fattened 
and  utilised  for  food.  The  flesh  of  the  free  martin  is  supposed 
to  exceed  in  delicacy  and  flavour  that  of  the  ox  or  heifer. 


Fig.  71. — A  free  martin  {Hunter). 


and  bears  a  higher  price.  Purchasers,  however,  are  some¬ 
times  disappointed.  Free  martins  are  as  a  rule  docile ;  they 
do  not  breed  nor  show  the  least  inclination  for  the  bull, 
nor  does  the  bull  take  the  least  notice  of  them.  The  free 
martin  resembles  in  form  an  ox  (Fig.  71),  and  its  bellow 
is  like  that  of  the  cow  (Hunter). 

Although  the  subject  of  pseudohermaphrodism  is  pro¬ 
foundly  interesting  to  the  practical  surgeon,  it  has  never 
been  properly  considered  from  the  standpoint  of  the  alienist 
and  jurist.  That  an  individual  with  the  external  characters 
of  a  woman  should  possess  testes  is  as  startling  as  the  fact 
that  one  with  the  fullest  attributes  of  manhood  should 
have  a  uterus  in  his  pelvis  or  in  the  scrotum. 
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Pseudohermaphrodites  sometimes  contract  marriages, 
rarely  as  men,  usually  as  women.  In  some  reported 
instances  such  unions  have  been  attended  with  happiness. 

Realising  that  the  external  genitalia  afford  no  positive 
indications  of  the  nature  of  the  internal  genital  organs, 
and  especially  of  the  sexual  glands,  it  is  a  fair  assumption 
that  some  examples  of  sexual  frigidity  and  sex  perversion 
may  be  explained  by  the  possibility  that  the  individuals 
concerned  perhaps  possess  sexual  glands  opposite  in 
character  to  those  indicated  by  the  external  configuration 
of  their  bodies. 
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CHAPTER  XXI 


TUBAL  PREGNANCY 

The  recognition  of  the  real  factors  concerned  in  the  repro¬ 
duction  of  human  beings  is  cpiite  a  modern  accomplishment. 
It  is  common  knowledge  that  a  foetus  is  squeezed  out  of  a 
uterus  and  a  chick  steps  out  of  an  egg-shell  at  the  termination 
of  the  incubation  period.  These  are  two  of  the  simplest 
observations  in  natural  histor}^  As  soon  as  the  child 
watches  animal  life  in  the  farmyard  or  the  poultry-run,  his 
or  her  impressions  are  quickened,  and  the  inevitable  appeal 
is  made  to  the  parents  :  “  Where  do  babies  come  from?  ” 
This  is  a  perennial  question,  and  we  find  the  talented  author 
of  Ecclesiastes  asking  “  how  the  bones  do  grow  in  the  womb 
of  her  that  is  with  child?  ”  (xi.  5);  but  he  vouchsafes  no 
explanation.  This  was  reserved  for  the  embryologists  and 
histologists  of  the  nineteenth  century.  To-day  the  leading 
features  connected  with  the  reproduction  of  animals  is  well 
known,  and  the  earnest  attempts  of  biologists  to  find  a 
physical  basis  for  that  engrossing  subject.  Heredity,  have 
stimulated  many  able  embryologists  and  cytologists  to 
pursue  their  inquiries  throughout  the  whole  range  of  animal 
and  vegetable  life.  We  have  learned,  in  consequence,  that 
the  reproduction  of  a  new  individual,  so  far  as  the  higher 
animals  are  concerned,  requires  the  union  of  two  distinct 
reproductive  cells,  of  which  one  is  furnished  by  the  female, 
and  is  known  as  an  ovum,  and  the  other,  supplied  by  the 
male,  is  termed  a  spermatozoon.  These  two  sexual  cells 
(or  gametes)  differ  from  each  other,  for  the  ovum  is  a  rela¬ 
tively  large  cell  and  passive,  whereas  the  spermatozoon  is 
small  and  active,  being  furnished  with  a  tail  (or  flagellum), 
by  which  it  is  able  to  propel  itself. 

The  organs  which  supply  the  reproductive  cells  in  the 
female  are  known  as  ovaries,  and  those  of  the  male  are 
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termed  testicles  (or  testes),  and  each  kind  of  gland  has 
associated  with  it  an  extremely  complex  set  of  accessory 
organs,  usually  called  the  genitalia,  to  facilitate  the  meeting 
of  these  tw^o  kinds  of  cells.  Spermatozoa  were  discovered 
in  1677  by  Hamm,  a  pupil  of  Leeuwenhoek,  and  they  were 
described  as  “  spermatic  animalcules,”  and  regarded  as 
parasites  in  the  semen.  Their  importance  in  reproduction 
was  not  realised  until  1844,  when  Koelliker  and  Wagener 
proved  them  to  be  normal  histological  elements  of  the  testis. 

The  human  ovum  (egg)  was  detected  by  von  Baer  in 
1827,  and  this  distinguished  observer  could  not  be  con¬ 
vinced  that  spermatozoa  are  essential  elements  in  repro¬ 
duction.  Many  fanciful  theories  were  held  concerning 
reproduction  previous  to  these  discoveries,  and  anjdhing 
approaching  a  true  explanation  of  extra-uterine  gestation 
was  impossible.  It  had  been  common  knowledge  for 
centuries  that  a  foetus  was  occasionally  found  in  the  pelvis 
outside  of  the  uterus,  but  how  it  got  there  no  one  could 
guess.  The  remarkable  verse  in  Jeremiah  :  ‘‘  Because  he 
slew  me  not  from  the  womb ;  or  that  my  mother  might 
have  been  my  grave,  and  her  womb  always  great  ”  (xx.  17) 
will  bear  the  interpretation  that  this  prophet,  a  keen 
naturalist,  was  familiar  with  the  retained  foetus. 

Knowledge  of  the  fertilisation  of  the  human  ovum 
is  a  matter  of  inference  gathered  from  a  study  of  the 
process  in  other  animals.  A  spherical  vesicle  measuring 
t-^5  inch  (-2  mm.)  could  not  be  recognised  with  certainty. 
I  have  made  many  careful  examinations  of  Fallopian 
tubes  removed  from  young  women  in  the  course  of 
operations,  with  the  hope  of  finding  ova,  but  without 
success.  Of  course  it  is  possible  that  several  ova  may 
occupy  a  Fallopian  tube  at  the  same  time,  and  it  is  quite 
possible  that  the  oviducts  of  mature  women  normally  con¬ 
tain  several  ripe  ova,  for  the  idea  that  one  ovum  is  shed 
monthly  is  no  longer  entertained.  As  we  are  unable  to 
recognise  with  certainty  an  unfertilised  ovum  which  has 
been  shed  from  the  ovary,  we  are  ignorant  of  the  length  of 
time  its  vitality  and  capacity  for  reproduction  are  retained. 

Our  knowledge  of  the  behaviour  of  the  spermatozoon  in 
the  uterine  and  tubal  passages  is  neither  precise  nor  exten- 
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sive.  This  cell,  as  long  as  it  lives,  is  easy  of  recognition. 
Diihrssen  made  some  observations  on  the  internal  genitalia 
of  women  in  the  course  of  pelvic  operations,  and  found 
spermatozoa  alive  in  the  uterus  and  tubes  twenty-five  days 
after  coitus. 

To-day  we  all  believe  that  the  ova  are  shed  from  the 
ovary,  and  a  fair  proportion  of  them  fall  among  the  fimbriae 
of  the  Fallopian  tube  and  enter  its  coelomic  ostium. 
They  are  then  impelled  into  the  uterine  cavity.  The 
transit  of  the  ovum  along  the  tube  is  effected  by  a  mus¬ 
cular  mechanism  similar  to  the  transmission  of  food  by  the 
muscular  action  of  the  gullet.  The  Fallopian  tubes  are 
muscular  ducts  for  the  transmission  of  ova  from  the 
ovary  to  the  uterus,  and  so  far  as  the  ova  are  concerned 
they  play  a  purely  passive  part.  The  spermatozoa,  on  the 
other  hand,  are  very  active  bodies,  and  after  their  intro¬ 
duction  into  the  genital  passages  of  the  female,  they  make 
their  way,  by  the  efforts  of  the  flagellum  attached  to  each, 
into  the  uterine  cavity,  through  the  cervical  canal,  and  then 
enter  the  lumen  of  the  Fallopian  tubes,  and  if  ova  be  at 
hand  unite  with  them  to  form  an  oosperm  (or  zygote). 
All  this  is  assumed  so  far  as  human  beings  are  concerned, 
because  no  one  has  witnessed  the  actual  formation  of  a 
human  oosjjerm,  and  we  know  nothing  of  the  oosperm  for 
the  first  fifteen  days  after  its  formation. 

One  of  our  greatest  difficulties  in  considering  the  causation 
of  tubal  pregnancy  is  our  ignorance  in  regard  to  the  usual 
site  of  impregnation.  Some  writers  contended  that  it 
happened  normally  in  the  cavity  of  the  uterus,  wFilst  others 
held  the  opinion  that  the  cavity  of  a  Fallopian  tube  is 
the  usual  meeting-place  of  ovum  and  spermatozoon.  It  is 
quite  certain  that  fertilisation,  so  far  as  women  are  con¬ 
cerned,  occurs  very  frequently  in  the  Fallopian  tube,  and 
occasionally  whilst  the  ovum  is  in  its  follicle.  These  events 
attest  the  activity  of  the  spermatozoon. 

When  we  meet  the  oosperm  some  thirty  or  forty  days 
after  its  formation  it  presents  a  very  extraordinary  change  ; 
not  onlv  is  it  enormouslv  increased  in  size,  but  it  has  become 
transformed  into  a  cyst,  with  delicate,  transparent  walls, 
containing  a  visible  embryo ;  but  the  outer  surface  of  the 


166 


CHORIONIC  VILLI 


membranes  being  shaggy,  with  soft,  delicate  tufts  known  as 
the  chorionic  villi.  In  the  early  stages  these  villi  are  dis¬ 
tributed  over  the  whole  surface  of  the  chorion,  as  the  outer 

membrane  is  called ;  but  as  develop¬ 
ment  proceeds  they  collect  towards 
one  pole  (Fig.  72). 

In  the  early  stages  these  villi 
are  devoid  of  blood-vessels,  but 
later  they  are  vascularised  and 
brought  into  relation  with  the 
circulation  of  the  embryo  by  means 
of  the  allantois.  In  their  early 
stages  these  villi  consist  of  an  axis 
of  delicate  connective  tissue  sup¬ 
porting  a  layer  of  cells  with  definite 
cell -boundaries  (Fig.  73),  known  as 
Langhan’s  cells,  and  over  these 
ttfe  i®  a  cellular  layer,  which 

looks  like  a  large  multinucleated 
cap  of  protoplasm  lying  on  Langhan’s  cells.  This  is  some¬ 
times  termed  the  synctium.  This  cellular  cap  is  known  as 
the  trophoblast.  The  chorionic  villi  are  the  chief  elements 
out  of  which  that  remarkable 
temporary  foetal  organ  known 
as  the  placenta  is  formed. 

It  has  been  discovered  that 
the  chorionic  villi  exercise 
important  functions  before  the 
placenta  becomes  a  functional 
organ.  It  has  already  been 
mentioned  that  in  the  early 
stages  the  chorionic  villi  lack 
blood-vessels,  but  they  grow 
actively,  although  they  are 
independent  of  the  foetal  circulation.  As  long  as  the  villi 
are  avascular  we  assume  that  they  are  nourished  on  the 
secretion  furnished  by  the  tubal  mucous  membrane.  It  has 
been  discovered  that  the  trophoblast  possesses  aggressive 
powers,  which  enable  it  to  erode  the  maternal  tissues  with 
which  it  comes  in  contact. 


Fig.  73. — An  early  chorionic  villus  in 
section,  magnified  to  show  the 
syncytium  and  Langhan’s  layer  of 
cells.  At  this  stage  it  is  devoid  of 
blood-vessels. 


DECIDUA 


107 


The  method  by  which  the  trophoblast  erodes  tissues  is 
sometimes  explained  as  a  biochemical  change,  and  due  to 
the  influence  of  an  enzyme  liberated  by  its  cells. 

It  is  well  known  that  when  impregnation  occurs  the 
endometrium  becomes  covered  by  a  thick  layer  of  tissue 
known  as  a  decidua,  and  if  anything  interferes  with  the 
normal  course  of  a  uterine  pregnancy  in  its  early  stages,  the 
decidua  with  the  embryo  will  be  expelled  from  the  uterus. 
When  the  pregnancy  proceeds  normally  this  decidua 
gradually  disappears.  It  has  been  determined  by  some 
careful  observations  that  one  of  the  functions  of  the  tro¬ 
phoblast  is  to  erode  the  decidua  on  which  the  oosperm  rests, 
penetrate  it,  and  embed  the  villi  in  the  underlying  uterine 
tissues.  The  formation  of  a  decidua  is  strictly  limited  to 
the  endometrium  lining  the  cavity  of  the  uterus.  No 
decidual  membrane  is  formed  in  the  Fallopian  tubes ;  and 
it  is  a  singular  fact  that  when  an  oosperm  is  retained  in  the 
tube  or  in  the  ovary,  a  decidua  forms  in  the  uterus,  but  not 
in  the  tubes.  It  is  also  worth  mention  that  when  the 
uterus  is  double,  and  one  half  becomes  pregnant,  a  decidua 
forms  in  the  opposite  half  of  the  uterus. 

When  an  oosperm  forms  in  the  tube,  the  trophoblast  rests 
on  the  tubal  mucous  membrane  and  erodes  it,  finally 
embedding  itself  in  the  muscular  tissue  of  the  tube,  and 
it  occasionally  penetrates  the  serous  coat,  so  that  the  villi 
project  into  the  peritoneal  cavity.  There  can  be  little 
doubt  that  it  is  this  erosive  property  of  the  trophoblast, 
and  the  thinness  of  the  tubal  walls  as  compared  with  those 
of  the  uterus,  which  renders  tubal  pregnancy  a  sinister 
event. 

A  uterine  decidua  is  a  structure  as  easy  to  see  as  a  stocking, 
and  it  appears  odd  that  the  presence  or  absence  of  a  decidua 
in  a  gravid  Fallopian  tube  should  be  a  subject  of  dispute 
among  those  who  have  investigated  the  histology  of  this  con¬ 
dition.  It  is  true  that  in  the  swollen  connective  tissue  of  a 
gravid  tube  large  cells  resembling  decidual-cells  are  often 
seen,  but  no  membrane  in  any  sense  comparable  to  a 
uterine  decidua  has  ever  been  demonstrated.  The  presence 
of  a  decidua  in  the  uterus  when  the  Fallopian  tube  is  gravid 
has  been  known  many  years. 
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We  know  now  that  a  decidna  is  not  always  present  in 
the  uterus  when  a  woman,  the  victim  of  a  tubal  pregnancy, 
dies  from  the  consequence  of  this  accident,  because  in  a 
large  proportion  of  the  cases  the  decidua  is  discharged  from 
the  uterus  in  the  early  weeks  of  the  pregnancy.  These 
triangular  bags,  with  three  openings,  are  familiar  objects 
for  those  who  take  the  trouble  to  look  for  them. 

The  aggressive  action  of  the  trophoblast  offers  an  explana¬ 
tion  of  several  matters  connected  with  tubal  pregnancy. 
The  minds  of  many  men  have  been  greatly  exercised  to  find 
a  cause  for  the  detention  of  an  oosperm  in  the  tube.  Among 
the  chief  suggestions  may  be  mentioned  diverticula  in  the 
tubal  mucous  membrane  in  which  the  ovum  is  retained, 
obstructions  by  kinks  in  the  tube,  or  by  the  pressure  of 
tumours,  such  as  ovarian  or  parovarian  cysts,  ill-developed 
tubes,  and  chronic  inflammation  (salpingitis)  of  the  tubal 
mucous  membrane.  None  of  these  explanations  is  good. 

Many  years  ago  I  made  careful  studies  of  gravid  Fallopian 
tubes,  and  failed  to  And  evidence  of  pre-existing  inflamma¬ 
tion  ;  and  so  far  as  the  obstruction  theory  is  concerned,  it 
is  discounted  by  the  fact  that  the  oosperm  is  more  frequently 
implanted  in  the  wide  ampullary  section  of  the  tube  than 
in  the  narrower  isthmus.  After  investigating  a  large 
number  of  gravid  tubes  I  had  no  hesitation  in  deliberately 
expressing  the  opinion  that  a  healthy  Fallopian  tube  is 
more  likely  to  become  gravid  than  one  which  has  been 
inflamed.  Tubal  pregnancy  is  the  result  of  active  changes, 
and  subsequently  Ballantyne  made  a  suggestion  which 
appealed  to  me  :  “  The  trophoblast  is  recognised  as  the 
means  by  which  the  oosperm  attaches  itself  to  the  uterine 
wall.  Should  it  be  detained  in  the  tube  until  the  tropho¬ 
blast  is  fully  formed,  or  if  the  trophoblast  be  formed 
prematurely,  it  may  effect  a  lodgment  in  the  tubal  mucosa. 

In  my  own  mind  I  feel  satisfied  that  when  an  ovum  is 
converted  into  an  oosperm,  the  trophoblast  penetrates  the 
subjacent  tissues,  whether  it  be  ovarian,  tubal,  or  uterine. 
Observations  on  ovarian  pregnancy  support  this  contention. 

Apart  from  all  contentious  matters  regarding  the  causes 
of  tubal  pregnancy,  it  must  be  admitted  that  the  lodgment 
and  continued  growth  of  an  oosperm  in  an  ovary  or  in  a 
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Fallopian  tube  furnish  some  of  the  most  dramatic  cases  in 
surgery,  and  in  many  instances  the  catastrophes  are  pre¬ 
cipitated  by  the  aggressive  action  of  the  trophoblast.  The 
most  striking  clinical  feature  connected  with  tubal  preg¬ 
nancy  is  the  rapid  way  in  which  the  life  of  a  woman  with  a 
gravid  Fallopian  tube  may  be  terminated  by  haemorrhage, 
and  as  this  condition  is  met  with  in  married  women  usually 
in  the  prime  of  life,  many  of  these  accidents  become 
domestic  tragedies.  The  following  are  derived  from  my 
own  experience  : — 

A  woman,  ignorant  that  she  was  pregnant,  had  made  a 
hearty  supper  of  mussels.  In  the  night  she  was  seized  with 
acute  abdominal  pain.  A  medical  man  who  was  summoned 
regarded  the  symptoms  as  due  to  irritant  poisoning.  The 
woman  died  twelve  hours  after  the  onset  of  pain,  and  a 
post-mortem  examination  was  made  on  a  coroner’s  warrant. 
The  abdomen  contained  a  large  quantity  of  blood  and  clot. 
An  embryo  of  about  four  weeks’  gestation  occupied  the 
ampulla  of  the  left  Fallopian  tube. 

This  happened  before  our  knowledge  of  the  symptoms  of 
tubal  pregnancy  was  as  complete  as  it  is  to-day,  or  the 
woman’s  life  might  have  been  saved.  It  is  necessary  to  be 
prompt  in  some  of  these  cases. 

A  cook  (a  spinster)  was  seized  with  sudden  acute  pain  in 
the  belly.  She  was  collapsed,  pallid,  and  had  a  thin,  rapid 
pulse.  There  was  a  discharge  of  blood  from  the  vagina, 
and  menstruation  was  fourteen  days  overdue.  There  was 
no  doubt  in  my  mind  that  her  symptoms  depended  on 
bleeding  from  a  gravid  tube.  An  ambulance  was  obtained 
for  her  conveyance  to  the  hospital.  She  ceased  to  breathe 
on  reaching  the  ward.  At  the  post-mortem  examination  a 
large  quantity  of  blood  was  found  free  in  the  pelvis  and 
abdomen.  A  gestation  sac,  which  occupied  one  of  the 
tubes,  had  burst  and  supplied  this  blood. 

Mr.  John  Sarjeant  asked  me  one  morning  in  1897  to  go 
with  him  to  a  young  married  woman  who,  he  felt  sure, 
would  die  soon  unless  she  received  surgical  help,  in  con¬ 
sequence  of  internal  hsemorrhage,  due  to  the  bursting  of 
a  tubal  pregnancy.  On  reaching  the  house  I  found  the 
patient  pallid,  with  no  perceptible  pulse  at  the  wrist  and 
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the  skin  cold.  I  took  a  scalpel  and  opened  the  abdomen 
as  the  patient  lay  in  bed,  without  chloroform.  The  blood 
rushed  through  the  incision  as  if  an  aneurysm  had  burst. 
I  found  the  gravid  tube  with  my  fingers,  drew  it  forth, 
and  clamped  it  with  forceps  to  stop  the  bleeding.  We 
then  made  our  preparations,  chloroformed  the  patient,  and 
deliberately  completed  the  operation.  Our  efforts  were 
rewarded  with  complete  success.  The  patient  subsequently 
conceived  in  the  uterus,  and  became  the  happy  mother  of  a 
healthy  living  child  in  1899. 

The  question  which  always  arises  in  my  mind  when  face 
to  face  with  actual  cases  of  tubal  pregnancy  is  this  :  Why 
should  such  an  apparently  small  lesion  lead  to  such  an 
appalling  haemorrhage  ?  Years  before  we  realised  that  the 
trophoblast  possessed  aggressive  powers  it  was  noticed  that 
those  parts  of  the  tubal  wall  immediately  in  relation  with 
the  developing  embryo  were  often  very  thin,  and  this 
attenuation  was  ascribed  to  the  pressure  exerted  by  the 
rapid  growth  of  the  embryo  and  its  associated  membranes. 
This  tendency  to  haemorrhage  is  one  of  the  most  serious 
associations  of  the  arrest  of  an  oosperm  in  the  tube.  On 
examining  a  series  of  early  specimens  of  tubal  pregnancy, 
we  shall  find  the  embryo  and  its  membranes  represented  in 
90  per  cent,  of  them  by  an  ovoid  body  consisting  mainly  of 
blood  clot,  and  containing  near  one  extremity  a  cavity  lined 
with  smooth  membrane.  These  ovoid  bodies  are  known  as 

moles.”  In  complete  specimens  this  cavity  contains  an 
embryo,  and  in  rare  instances  twins.  In  many  moles  the 
wall  of  this  cavity  will  be  broken  and  the  embryo  lost.  On 
microscopical  examination  the  thick  blood-infiltrated  mem¬ 
branes  of  a  mole  will  be  found  to  contain  chorionic  villi. 

When  the  specimens  are  quite  fresh  it  is  sometimes 
possible  to  detect,  by  means  of  double- staining,  nucleated 
red  corpuscles  in  the  sections.  It  is  very  rare  to  find  a 
tubal  embryo  in  any  other  surroundings.  In  only  three 
instances  have  the  membranes  been  in  their  normal 
transparent  condition. 

For  many  years  I  entertained  the  opinion  that  the  ovoid 
shape  of  tubal  moles  depended  upon  an  extravasation  of 
foetal  blood  into  the  space  known  as  the  subchorionic 
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chamber,  and  I  still  think  some  may  arise  in  this  way ;  but 
the  majority  are  due  to  blood  extravasated  among  the  villi 
from  the  maternal  circulation  :  the  exuberant  growth  of 
the  villi  at  one  pole  of  the  chorion  more  than  the  other  (Fig. 
74)  is  sufficient  to  explain  the  ovoid  shape  of  the  tubal  mole. 

The  Fallopian  tube  is  by  no  means  a  favourable  situation 
for  the  development  of  an  oosperm.  The  knowledge  we 
have  acquired  of  the  eroding  power  of  the  trophoblast 
explains  this,  for,  by  burrowing  through  the  mucous  coat  to 
effect  an  implantation  of  the  villi,  the  walls  of  blood-vessels 
are  penetrated,  and  bleeding  is  the  consequence.  The  blood 
thus  set  free  infiltrates  the  villi,  and,  clotting  among  these 


Embryo 

Amnionic  cavity 

Amnion 

Blood  among 
chorionic  villi 

Chorion 


Fig.  74. — A  tnbal  molo,  whole  and  in  section. 


structures,  produces  a  mole,  and  arrests  the  further  growth 
of  the  embryo.  The  escaping  blood  will  also  burrow  into 
the  tubal  tissues  and  produce  a  localised  submucous,  or  an 
intramuscular  haematoma.  The  blood  often  bursts  through 
the  serous  coat  and  escapes  into  the  pelvis,  or  it  may  rend 
the  mucous  coat  and  find  its  way  into  the  tubal  lumen,  and 
escape  through  the  coelomic  ostium.  Some  of  the  blood 
occasionally  flows  through  the  inner  end  of  the  tube  into 
the  uterus,  to  be  expelled  by  way  of  the  vagina. 

It  is  customary  to  term  the  condition  in  which  the  gesta¬ 
tion  sac  is  torn  through  its  muscular  and  serous  layers  as 
“  rupture  of  a  gravid  tube,”  whereas  those  cases  in  which  the 
mole  is  expelled  through  an  unclosed  coelomic  ostium  into 
the  pelvic  cavity,  or  even  where  the  mole  is  retained  within 
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the  tube  and  blood  only  escapes,  as  “  tubal  abortions.” 
Some  careful  observations  on  tubes,  especially  those  in 
which  the  mole  has  been  expelled  through  the  coelomic 
ostium,  support  the  view  that  when  the  trophoblast  has 
burrowed  through  the  mucous  membrane  of  the  tube,  and 
embedded  itself  in  the  muscular  layer,  it  is  practically 
encysted  by  a  capsule  consisting  of  mucous  membrane  on 
the  inner  half,  with  muscular  and  serous  tissue  on  the  outer 
half ;  hence,  when  tubal  abortion  happens  (and  this  appears 
to  be  the  more  comm.on  termination),  it  is  really  a  rupture 
of  the  sac  through  its  inner  or  mucous  membrane  invest¬ 
ment.  The  fierce  bleeding  which  often  accompanies  the 


Fig.  75. — A  gravid  Fallojjian  tube  and  ovary  removed  from  a  single 
woman  twenty-three  years  of  age.  At  the  time  of  the  operation 
the  mole  was  in  process  of  extrusion  from  the  tube  {Mus.  R. 
College  of  Surgeons). 

rupture  or  abortion  of  gravid  tubes  is  explained  in  a  measure 
by  the  small  quantity  of  muscular  tissue  around  the  rent. 
It  is  a  rare  event  for  a  woman  to  die  from  loss  of  blood  after 
an  abortion  in  the  course  of  a  uterine  pregnancy.  This  is 
owing  to  the  powerful  contraction  of  the  thick  musculature 
of  the  uterus. 

Some  ten  years  ago  doubts  were  often  expressed  concern¬ 
ing  the  expulsion  of  a  mole  through  the  coelomic  ostium  of 
the  tube.  I  have  witnessed  it  on  three  occasions  in  the 
course  of  an  operation.  In  one  instance  I  was  able  to 
preserve  a  tube  with  the  mole  in  the  course  of  extrusion. 
This  specimen  is  preserved  in  the  Museum  of  the  Royal 
College  of  Surgeons  (Fig.  75). 
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In  April  1909  I  was  able  to  witness  a  tubal  abortion  in 
progress.  A  patient  was  seized  in  the  middle  of  the  night 
with  acute  pelvic  pain.  A  doctor  was  summoned,  and 
recognised  the  trouble  to  be  due  to  haemorrhage  from  a  gravid 
tube.  I  saw  the  patient  six  hours  later.  We  had  her 
removed  to  a  nursing-home,  and  on  opening  the  abdomen 
found  the  pelvis  full  of  bright  blood.  On  drawing  up  the 
right  Fallopian  tube  it  was  discharging  blood,  and  a  mole 
occupied  the  tube.  I  laid  the  ampulla  of  the  tube  in  the 
palm  of  my  hand,  so  that  all  concerned  in  the  operation 
could  ’witness  the  contraction  of  the  tube  and  the  expulsion 
of  the  mole  through  the  coelomic  ostium. 

There  is  in  the  Museum  of  St.  Bartholomew’s  Hospital 
a  gravid  Fallopian  tube  that  well  illustrates  the  eroding 
power  of  the  chorionic  villi.  The  gestation  sac  is  2  cm.  in 
diameter,  and  through  a  hole  in  the  sac  tufts  of  villi  project. 
The  history  of  the  patient  is  tragic  :  When  in  the  seventh 
month  of  her  tenth  pregnancy  she  was  seized  with  acute 
pain  and  died  in  ten  hours  from  internal  bleeding.  This 
history  demonstrates  what  is  now  a  well-established  fact, 
that  intra-uterine  and  tubal  pregnancy  may  occur  simul¬ 
taneously  and  run  concurrently.  At  the  time  the  specimen 
was  obtained  nothing  was  known  of  early  tubal  pregnancy. 

Rupture  of  a  gravid  tube  may  happen  in  curious  circum¬ 
stances.  There  are  two  reported  cases  in  which  the  sac 
burst  whilst  the  patients  were  under  hospital  treatment  and 
actually  lying  in  bed.  Some  have  burst  during  a  railway 
journey.  Straining  at  stool  is  a  common  cause,  and  sexual 
congress  another.  Jumping  from  a  chair,  a  gig,  or  a  train 
is  another  set  of  causes  which  precipitate  the  bursting  of  a 
gravid  tube.  An  ungentle  examination  of  a  patient  under 
chloroform  by  an  obstetrician  led  to  bursting  of  the  sac 
and  rapidly  fatal  bleeding  (Horrocks). 

Prior  to  1883  nothing  was  known  in  regard  to  the  early 
stages  of  tubal  pregnancy.  In  that  year  Lawson  Tait 
operated  on  a  woman  bleeding  to  death  in  consequence  of 
the  bursting  of  the  sac  of  a  tubal  pregnancy.  At  that  time 
we  had  no  test  for  extra-uterine  pregnancy  except  the 
presence  of  an  embryo,  but  Tait  boldly  asserted  his  belief 
that  many  pelvic  haemorrhages  in  women  were  due  to  this 
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cause.  It  fell  to  my  good  fortune  to  find  a  criterion  for 
this  condition. 

In  the  year  1889  I  operated  on  a  woman  in  the  Middlesex 
Hospital  for  internal  haemorrhage,  and  found  an  ovoid  body 
in  the  pelvic  cavity  among  the  blood,  which  I  at  once 
recognised  as  being  similar  to  the  moles  or  apoplectic  ova 
so  often  discharged  from  the  uterus.  In  my  specimen  the 
amnionic  cavity  was  broken  open,  but  I  collected  all  the 
blood  and  clot.  After  completing  the  operation  I  made  a 
careful  examination  of  the  clot  and  succeeded  in  finding  the 
head  of  the  embryo,  and  thus  clinched  the  evidence.  When 
I  had  published  these  facts  I  learned  that  Werth  had  made 
a  similar  observation ;  but  at  the  time  I  knew  nothing  of  his 
work,  and  it  had  attracted  no  notice  in  England.  Sub¬ 
sequently  I  was  able,  by  means  of  specimens  exhibited  to 
the  Obstetrical  Society,  London,  to  prove,  in  the  absence  of 
the  embryo,  that  these  ovoid  clots  were  the  products  of 
gestation,  by  finding  chorionic  villi  when  they  were  sub¬ 
mitted  to  microscopic  examination.  These  opinions  were 
contested  by  some  obstetricians,  but  now  the  tubal  mole  and 
chorionic  villi  are  accepted  as  products  of  tubal  gestation. 

The  literature  which  has  grown  up  in  the  last  twenty 
years  in  relation  to  tubal  gestation  is  enormous.  The  signs, 
symptoms,  and  treatment  of  this  condition  are  taught  in 
the  same  matter-of-fact  way  as  those  of  normal  pregnancy 
and  labour.  Tubal  pregnancy  does  not  always  have  a 
cataclysmic  ending.  It  is  possible  for  the  tube  to  become 
gravid,  and  then  expel  the  oosperm  through  the  coelomic 
ostium  with  little  more  than  trifling  discomfort  to  the 
patient. 

Some  writers  express  the  belief  that  a  gravid  Fallopian 
tube  may  expel  a  mole,  and  subsequently  retain  another 
oosperm.  There  is  nothing  impossible  in  this  view. 

A  woman  may  become  gravid  in  a  Fallopian  tube,  the 
oosperm  being  dislodged  with  temporary  inconvenience  and 
some  uterine  haemorrhage,  attended  with  the  discharge  of 
a  decidua. 

In  these  circumstances  the  woman,  and  even  the  doctor 
in  attendance,  will  be  under  the  impression  that  she  has 
had  a  simple  miscarriage. 
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Many  tubal  pregnancies  pass  unrecognised  because  they 
only  cause  temporary  inconvenience  to  the  patients,  and 
are  attended  with  only  a  trifling  loss  of  blood.  It  is  a  fact 
well  recognised  that  when  an  obsperm  is  detained  in  the 
isthmial  and  interstitial  segments  of  the  Fallopian  tube, 
the  inevitable  rupture  of  the  gestation  sac  is  usually  attended 
by  an  appalling  and  often  rapidly  fatal  haemorrhage ;  but 
occasionally  pregnancy  in  this  dangerous  area  of  the  Fal¬ 
lopian  tube  may  terminate  without  involving  the  life  of 
the  woman,  and  of  this  I  have  reported  an  example. 

The  Fallopian  tubes  may  become  gravid  in  any  woman 
capable  of  conceiving.  Tubal  pregnancy  is  especially 
common  among  women  living  in  large  towns,  but  it  is  rare 
among  those  who  live  in  agricultural  communities  and 
among  those  who  are  termed  the  well-to-do. 

I  do  not  remember  meeting  with  an  example  of  tubal 
pregnancy  either  in  a  harlot  or  a  courtesan — a  fact  of  some 
importance,  as  bearing  on  the  theory  (now  abandoned)  that 
chronic  salpingitis  due  to  gonococcal  infection  is  a  pre¬ 
disposing  cause.  It  is  worth  mention  that  in  five  patients 
under  my  own  care  where  the  husband  and  wife  practised 
preventive  measures  against  conception  in  the  early  years 
of  their  union,  and  subsequently  attempted  to  procreate, 
tubal  pregnancy  was  the  consequence. 

The  comparative  rarity  of  tubal  pregnancy  among  the 
rich  in  contrast  with  its  frequency  among  the  poor  is  easily 
explained,  when  we  reflect  that  the  fecundity  of  plebeian 
women  is  often  the  envy  of  their  patrician  neighbours. 
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ABDOMINAL  PREGNANCY 

{Purvis  Oration,  1904) 

In  spite  of  the  great  increase  in  our  knowledge  of  the  later 
stages  of  extra-uterine  gestation,  and  especially  of  those  con¬ 
ditions  where  the  foetus  survives  to,  or  near  term,  there  is  still 
in  the  minds  of  some  writers  a  lingering  belief  in  the  existence 
of  a  primary  abdominal  pregnancy.  By  this  we  mean 
that  an  oosperm  may  miss  the  Fallopian  tube  and  engraft 
itself  on  the  omentum,  intestine,  or  other  abdominal  organ, 
and  develop  into  a  foetus.  Berry  Hart  and  J.  W.  Taylor 
have  shown  that  an  extra-uterine  foetus  may  erode  its  way 
through  the  wall  of  the  Fallopian  tube  into  the  abdomen. 
There  remain  a  few  puzzling  cases  that  require  elucidation. 
Among  these  anomalous  varieties  there  is  one  of  very  great 
importance,  interest,  and  rarity  described  by  Leopold  in 
1896.  The  chief  facts  are  these  :  A  woman  advanced  in 
pregnancy  to  the  fourth  month  fell  downstairs  and  injured 
herself  in  the  abdomen.  At  the  time  she  should  be  delivered 
an  examination  led  to  the  diagnosis  of  an  extra-uterine 
gestation.  Coeliotomy  was  proposed  and  carried  out.  A 
foetus  of  about  the  fourth  month  of  gestation  enveloped  in 
a  thin  (amnionic)  sac  occupied  the  abdomen,  and  its  um¬ 
bilical  cord  passed  through  an  opening  in  the  posterior  wall 
of  the  uterus.  Subsequently  the  uterus,  which  also  con¬ 
tained  the  placenta,  was  removed  with  success.  The  obvious 
interpretation  to  place  on  these  facts  is  this  :  The  uterus 
sustained  injury  when  the  woman  fell  downstairs,  and  the 
foetus  in  its  amnion  was  slowly  extruded  into  the  abdomen 
through  a  rent  in  the  posterior  uterine  wall.  This  con¬ 
dition  of  things  has  conveniently  been  described  as  utero- 
abdominal  pregnancy. 

The  chief  interest  of  Leopold’s  valuable  case  lies  in  the 
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fact  that,  although  u ter o -abdominal  pregnancy  is  extremely 
rare  in  women,  it  is  the  common  form  of  extra-uterine 
pregnancy  in  mammals  with  long,  two-horned  uteri.  In 
1889  I  made  a  careful  study  of  the  records  and  available 
specimens  of  extra-uterine  gestation  in  what  are  called  the 
lower  animals,  and  quickly  satisfied  myself  that  tubal 
pregnancy  in  them  is  very  rare ;  indeed,  I  have  failed  to 
find  a  single  convincing  record  or  specimen,  but  there  are 
many  cases  recorded  in  which  puppies  and  kittens  enclosed 
in  tightly-fitting  sacs  have  been  found  adherent  to  the 
omentum  and  intestines.  Some 
of  these  cases  of  extra-uterine 
kittens  and  puppies  have  been 
regarded  even  by  experienced 
pathologists  as  examples  of 
primary  abdominal  pregnancy. 

In  1891 1  advanced  the  follow¬ 
ing  explanation  of  this  pheno¬ 
menon,  based  on  the  actual 
dissection  of  many  examples  of 
rupture  of  the  uterus  in  the 
early  and  later  stages.  In  mam¬ 
mals  with  two-horned  uteri  the 
horns  are  of  some  length,  and 
often  contain  several  foetuses. 

When  the  foetuses  are  too  large  Yig.  76.— Foetal  rabbit,  in  its  amnion, 

to  traverse  the  maternal  pas-  found  loose  with  others  m  the 
,  abdomen  or  a  doe. 

sages,  the  uterus,  as  a  conse¬ 
quence  of  its  violent  efforts  to  expel  its  contents,  ruptures, 
and  the  foetus  or  foetuses  are  extruded  into  the  abdomen. 
This  accident  in  many  instances  entails  the  death  of  the 
mother,  and  on  examination  in  these  circumstances  there  is 
rarely  any  difficulty  in  determining  the  course  of  events.  In 
some  cases  the  animal  survives  the  accident,  and  after  the 
foetus  or  foetuses  have  escaped  through  the  rent,  the  contrac¬ 
tion  of  the  uterus  rapidly  follows,  and  the  edges  of  the  opening 
unite  and  quickly  cicatrise.  The  imprisoned  foetus  adheres 
to  the  omentum,  the  amnionic  fluid  is  absorbed,  the  placenta 
disappears,  and  the  amnion  shrinks  and  compresses  the  foetus 
as  tightly  as  if  it  had  been  swathed  in  mummy-cloth  (Fig.  76). 
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In  time  the  amnionic  sac  becomes  covered  with  fibrinous 
exudation  furnished  by  the  peritoneum,  which  slowly 
organises  and  leads  to  a  considerable  increase  in  the  thick¬ 
ness  of  the  sac.  In  some  instances  the  foetal  sacs  do  not 
adhere  to  any  viscus,  but  remain  free  in  the  abdomen. 

A  prolonged  study  of  this  question  has  served  to  con¬ 
vince  me  that  the  majority  of  the  cases  of  extra-uterine 
foetuses  met  with  in  cats,  bitches,  ewes,  and  rabbits  are  not 
in  any  sense  primary  abdominal  pregnancies ;  they  belong 
to  the  same  category  as  Leopold’s  case.  They  are,  in  fact, 
utero-abdominal  pregnancies.  This  view  of  the  origin  of 
so-called  abdominal  pregnancy  in  mammals  has  recently 
received  independent  support  by  two  observers,  Pembrey 
and  Kamann,  from  observations  made  by  them  on  rabbits. 
In  1898  Pembrey  exhibited  to  the  Obstetrical  Society  of 
London  five  foetal  sacs  which  he  found  free  in  the  peritoneal 
cavity  of  a  rabbit.  The  animal  (bought  for  breeding)  was 
pregnant  in  October  1897,  and  between  that  time  and  June 
1898,  produced  four  normal  litters.  It  was  noticed  that 
the  abdomen  appeared  to  be  somewhat  distended  after  the 
casting  of  a  litter.  On  that  account,  and  because  this  doe 
neglected  or  devoured  its  young,  it  was  killed  within  a  week 
of  the  last  littering.  When  the  abdomen  was  opened  five 
white  discoidal  bodies  were  found.  None  of  the  bodies 
showed  any  attachment  to  the  abdominal  organs  or  to  the 
peritoneum ;  in  all  but  the  smallest  sac  the  head,  body,  and 
limbs  of  a  foetus  could  be  felt.  Pembrey  then  gives  a  careful 
and  detailed  account  of  the  condition  of  the  uterus  and  its 
horns.  He  found  a  scar  on  the  front  of  the  uterus  just  below 
the  junction  of  the  cornua.  His  conclusions  are  important, 
for  he  considers  that  the  rupture  occurred  at  least  eight 
months  before  the  examination  of  the  doe,  for  in  that 
interval  it  had  four  normal  litters.  From  the  size  and 
development  of  the  foetuses  in  the  sacs  there  is  little  doubt 
but  they  had  reached  full  term  when  the  rupture  took  place. 
Sufficient  explanation  for  the  causation  of  the  rupture  is 
found  in  the  fact  that  four  foetuses  were  enclosed  in  one  sac, 
and  he  believes  that  it  was  the  impaction  of  their  bodies 
which  caused  obstruction  to  delivery  and  consequent 
rupture. 
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Kamann  has  published  an  equally  convincing  case,  which 
also  occurred  in  a  rabbit.  This  paper  contains  some  very 
careful  drawings  illustrating  the  minute  structure  of 
the  uterine  wall  in  the  situation  of  the  scar.  One  of  the 
foetal  sacs,  having  become  adherent  to  the  omentum,  had 
dragged  its  stalk  and  undergone  axial  rotation,  twisting 
its  pedicle  eight  turns.  Kamann,  from  a  very  careful 
investigation  of  his  specimen,  comes  to  the  conclusion  that 
it  was  a  case  of  primary  rupture  of  the  uterus,  and  that  the 
embryos  in  their  membranes  were  discharged  into  the 
abdomen  and  acquired  an  attachment  to  the  omentum. 

It  is  necessary  to  point  out  that  when  a  foetus  in  its 
membranes  is  discharged  from  the  uterus  into  the  general 
peritoneal  cavity  the  amnion  is  a  thin,  transparent,  glistening 
membrane,  but  the  envelopes  of  these  transplanted  foetuses 
are  opaque,  thick,  and  often  tough.  It  has  long  been 
known  that  when  foreign  bodies  gain  entrance  into  the 
general  peritoneal  cavity  they  soon  become  covered  with  a 
fibrinous  exudation  formerly  known  as  lymph,  which  quickly 
organises,  and  not  only  forms  an  investment  to  the  bodies, 
but  in  many  cases  serves  as  a  material  which  practically 
glues  them  to  any  viscus  with  which  they  may  be  in  contact. 
And  the  foetal  membranes  are  transformed  into  a  thick, 
tough,  and  opaque  material.  It  is  possible  that  in  some 
specimens  the  shroud  ot  a  dead  intraperitoneal  foetus  is 
derived  entirely  from  organised  exudate. 

It  is  curious  to  contrast  the  rabbit  with  the  hare  in  relation 
to  this  accident.  The  rabbit  has  many  young  in  a  litter — 
twelve,  fourteen,  or  more.  The  hare  has  two  or  three  at  a 
birth,  and,  unlike  the  rabbit,  its  young  can  see  as  soon  as 
they  are  born.  The  hare  is  also  liable  to  rupture  of  the 
uterus  and  the  escape  of  the  foetuses  into  the  abdomen,  but 
its  liability  to  this  accident  is  less  than  that  of  rabbit,  cat, 
or  bitch  ;  but  a  number  of  cases  have  been  carefully  recorded 
in  which  a  gravid  uterine  cornu  in  the  hare  has  undergone 
axial  rotation,  and  in  some  instances  the  twisting  of  the 
cornu  has  led  to  its  complete  detachment.  Cases  of  this 
kind  have  been  recorded  by  Hutchinson,  I)ohrn,  Klebs,  and 
others.  Gravid  Fallopian  tubes  occasionally  undergo  axial 
rotation  in  women,  and  carefully  observed  examples  have 
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been  reported  by  Pozzi,  Martin,  and  others.  There  are  also 
reasons  for  believing  that  the  same  accident  has  occurred 
in  connection  with  cornual  pregnancy. 

These  curious  conditions  in  animals  indicate  that  a 
similar  process  occurs  in  women,  but  with  this  difference  : 
It  is  quite  an  exceptional  thing  for  a  foetus  to  be  extruded 
through  a  rent  in  the  uterus  into  the  pelvis  or  the  abdomen 
and  the  patient  survive. 

When  pregnancy  happens  in  a  Fallopian  tube  the 
anatomical  conditions  of  pregnancy  in  the  long  uterine 
cornua  of  the  cat  or  rabbit  are  more  nearly  fulfilled,  but  be 
careful  not  to  misread  my  meaning,  for  the  Fallopian  tubes 
of  women  and  the  long  uterine  cornua  of  the  rabbit  and  cat 
are  not  homologues ;  the  Fallopian  tubes  (oviducts)  of 
these  creatures  will  be  found  coiled  up  at  the  anterior 
extremity  of  each  cornu.  It  has  been  abundantly  demon¬ 
strated  in  the  past  fifteen  years  that  it  is  a  very  common 
event,  especially  in  women  who  dwell  in  towns,  for  one  or 
even  both  Fallopian  tubes  to  become  gravid,  and  there  are 
facts  to  prove  that  in  some  rare  instances  tubal  foetuses 
may  be  extruded  into  the  general  peritoneal  cavity  and  be 
found  in  conditions  similar  to  those  of  Hr.  Pembrey’s 
rabbits. 

For  nearly  twenty  years  I  have  taken  the  deepest  interest 
in  the  condition  known  as  extra-uterine  gestation,  and  the 
gradual  unravelling  of  the  facts  from  the  fancies  with  which 
they  were  entwined  until  some  twenty-five  years  ago  can 
be  described  as  most  engrossing.  One  of  the  most  difficult 
questions  to  determine,  and  especially  to  silence  what  may 
be  called  the  conscientious  objector,  was  the  mode  in  which 
foetuses  found  their  way  from  the  tube  into  the  abdomen. 
J.  W.  Taylor  proved,  in  a  very  careful  piece  of  work,  how 
those  tubal  foetuses  which  go  to  full  term  slowly  expand 
and  erode  the  tubal  wall  as  they  grow,  until  the  amnionic 
sac  emerges  into  the  general  peritoneal  cavity.  His  ex¬ 
planation  is  accepted  by  those  who  have  had  opportunities 
of  operating  on  examples  of  this  form  of  tubal  pregnancy, 
but  in  all  the  cases  considered  by  him,  and  in  those  published 
by  others  to  support  his  opinions,  the  foetal  sac  has  remained 
in  relation  with  the  Fallopian  tube  in  which  it  originated. 
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Mendes  de  Leon  and  Catherine  van  Tiissenbroek  of  Amster¬ 
dam  reported  a  case  that  bears  on  this  subject.  A  multi- 
para,  pregnant  for  the  seventh  time,  and  having  passed  the 
time  when  she  ought  to  be  delivered,  was  much  disturbed 
that  the  confinement  had  not  happened.  The  patient 
furnished  a  very  clear  history,  and  such  an  obvious  and 
very  movable  lump  existed  in  the  abdomen  that  a  diagnosis 
of  abdominal  pregnancy  was  made,  and  an  operation  was 
decided  upon.  In  the  course  of  it  a  foetus  appeared  lying 
loose  in  the  abdomen  save  for  some  adhesions  to  the  great 
omentum.  The  foetus,  which  had  advanced  to  about  the 
sixth  month  of  gestation,  was  tightly  enclosed  in  its  amnion. 
A  round  swelling  occupied  the  left  half  of  the  pelvis  and 
pushed  the  uterus  to  the  right.  This  was  removed,  and  at 
a  subsequent  examination  showed  that  it  consisted  of  the 
left  Fallopian  tube  and  the  shrunken  placenta.  The  authors 
of  the  paper  entered  very  carefully  into  the  consideration 
of  the  mode  by  which  this  foetus  reached  the  general  peri¬ 
toneal  cavity  without  entailing  the  death  of  the  mother ; 
they  suggested  the  possibility  that  the  foetus  might  have 
been  expelled  through  the  ostium  of  the  tube  or  escaped 
through  a  breach  in  the  wall  of  the  tube.  Certainly  this 
case  is  very  exceptional  among  the  records  of  extra-uterine 
gestation  in  the  fact  that  the  foetus  was  free  from  its  pelvic 
attachments. 

The  Museum  of  St.  Thomas’s  Hospital  contains  a  speci¬ 
men  which  in  some  of  its  features  is  as  remarkable  as  the 
foregoing.  In  1892  Dr.  C.  J.  Cullingworth  exhibited  at  the 
Obstetrical  Society  of  London  a  gravid  Fallopian  tube 
which  he  had  removed  from  a  bright,  healthy,  active 
woman,  aged  thirty -two.  When  the  specimen  was  shown 
to  the  society  it  appeared  so  exceptional  that  it  seemed 
expedient  to  submit  it  to  a  committee  for  special  report ;  I 
happened  to  be  a  member  of  that  committee  of  investiga¬ 
tion.  It  will  be  seen  on  referring  to  Fig.  77  that  the  speci¬ 
men  consisted  of  a  gravid  tube,  and  that  the  gestation  sac 
appears  constricted  into  two  compartments,  of  which  one 
contains  the  placenta  infiltrated  with  blood  clot,  and  that 
the  smaller  cavity  is  occupied  by  a  foetus  which  is  com¬ 
pressed  against  its  periphery  by  blood  clot.  The  report 
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concludes  with  this  significant  sentence  :  ‘‘  There  is  no 

proof  that  the  tube  has  undergone  rupture.”  In  the 
light  afforded  by  the  specimen  described  by  Mendes  de 
Leon,  it  may  be  regarded  as  a  gravid  tube  in  which  the 
foetus  was  extruded  through  the  coelomic  ostium  and  the 
placenta  retained  in  the  tube.  This  view  receives  con¬ 
firmation  from  an  observation  published  by  Pestalozza. 
Operating  on  a  woman  for  secondary  abdominal  pregnancy, 
he  found  a  foetus  in  the  recto-vaginal  pouch ;  the  placenta 


Fig.  77. — A  gravid  Fallopian  tube  in  which  the  foetus  has  been  slowly 
extruded  through  the  abdominal  ostium  {Mus.  St.  Thomas’s 
Hosihtal). 

occupied  the  ampulla  of  the  tube  and  the  umbilical  cord 
passed  through  the  coelomic  ostium  of  the  tube.  This  is  a 
very  important  observation,  and  it  helps  us  to  believe,  with 
the  evidence  afforded  by  the  observations  of  Cullingworth 
and  Mendes  de  Leon,  that  a  foetus  may  be  extruded  into  the 
abdomen  through  an  unclosed  coelomic  ostium. 

That  a  foetus  may  be  extruded  through  an  unclosed 
ostium  is  also  proved  by  a  case  recorded  by  Fairbairn,  in 
which  a  foetus  was  found  in  process  of  extrusion  through  the 
coelomic  ostium  of  a  tube ;  the  trunk  and  limbs  were  hanging 
out,  but  the  head  was  too  big  to  be  ejected. 

These  observations  are  of  very  great  value,  for  the  evidence 
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previously  available  appeared  to  indicate  that  the  discharge 
of  a  tubal  mole  into  the  pelvic  cavity  through  an  unclosed 
coelomic  ostium  could  only  occur  when  it  did  not  exceed 
the  dimensions  of  a  shelled  walnut,  but  now  we  have  to 
realise  the  probability  that  a  foetus  advanced  to  the  twelfth 
week  of  pregnancy  may  be  slowly  extruded  through  an 
unclosed  coelomic  ostium. 

My  object  in  collating  these  facts  is  to  point  out  the 
valuable  support  they  afford  to  the  contention  I  have  men¬ 
tioned  for  many  years  :  that  primary  abdominal  pregnancy 
still  remains  an  unverified  speculation. 
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CHAPTER  XXIII 


MISPLACED  AND  MISSING  ORGANS 

{Bradshaw  Lecture,  1917) 

The  monotony  of  order  and  regularity  is  impressed  on 
us  early  in  the  study  of  anatomy.  The  eagerness  with 
which  students  draw  the  attention  of  demonstrators  to 
abnormalities  they  find  when  dissecting  is  notorious. 
Constancy  of  position  is  not  a  virtue  of  viscera ;  hut  it  is 
amazing  that  in  ninety-and-nine  bodies  out  of  a  hundred 
the  abdominal  organs  fall  into  their  proper  places  during 
foetal  life. 

Until  the  main  features  of  the  development  of  animals 
were  closely  investigated,  variations  in  the  position  of  the 
viscera  aroused  curiosity,  and  must  have  been  as  ill  under¬ 
stood  as  the  reasons  for  the  bilateral  symmetry  of  the  body. 
In  the  case  of  bilateral  organs,  such  as  the  eyes,  ears,  teeth, 
kidneys,  ovaries,  and  bones  of  the  limbs,  as  well  as  the 
opposite  halves  of  median  organs  like  the  brain,  tongue, 
bladder,  and  uterus,  the  symmetry  is  astounding.  Although 
there  are  minor  variations  in  bilateral  organs,  the  general 
likeness  in  shape  is  so  close  that  the  ability  to  distinguish 
between  right  organs  and  left  organs  is  an  examination  test 
for  estimating  the  diligence  of  students  in  practical  anatomy. 
The  bone  that  fascinates  me  most  is  the  stapes.  It  is  the 
smallest  bone  in  the  skeleton,  and  thoroughly  justifies  its 
name.  The  right  and  the  left  stapes  are  so  like  each  other 
that  it  is  difficult  to  tell  one  from  the  other.  They  are  as 
nearly  alike  as  a  pair  of  stirrups. 

Not  the  least  interesting  feature  of  anatomical  research 
is  the  detection  of  additional  skeletal  elements.  It  is  not 
uncommon  to  find  an  extra  vertebra  in  the  lumbar  set,  or 
in  the  coccyx.  Excess  in  number  is  no  disadvantage,  but 
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occasionally  half  a  vertebra  is  missing.  When  this  happens 
it  causes  tilting  of  the  spine.  A  study  of  available  specimens 
shows  that  this  anomaly  may  occur  in  any  region  of  the 
spinal  column.  Such  deficiency  can  be  detected  in  radio¬ 
graphs  of  the  spine,  and  it  is  often  associated  with  spina 
bifida.  Half -vertebrae  have  been  found  in  fishes,  snakes, 
calves,  and  rabbits.  Embryology  has  disclosed  many  secrets 
concerning  missing  organs ;  some  parts,  true  to  the  impress 
of  heredity,  appear  in  the  embryo  and  disappear  with  the 
gradual  perfection  of  the  foetus.  Parker,  studying  the 
development  of  the  green  turtle,  noticed  that  the  embryo 
possessed  ten  more  somatomes  than  were  represented  by 
vertebrae  in  the  adult.  Seven  were  suppressed  in  the  neck 
and  three  in  the  tail.  This  suggests  for  turtles  ancestors 
with  longer  necks  and  tails  than  existing  forms.  There  can 
be  no  doubt  that  if  turtles  were  dissected  as  thoroughly  as 
they  are  made  into  soup  many  examples  of  supernumerary 
cervical  vertebrae  would  be  found  among  them,  in  spite  of 
the  specialisation  that  exists  in  the  vertebral  elements  of 
the  Chelonian  neck.  The  best- known  example  of  a  missing 
vertebra  occurs  in  the  sea-cow  or  manatee.  As  all  students 
of  human  osteology  know,  this  mammal  has  six,  instead  of 
seven,  cervical  vertebrae.  Kiikenthal  discovered  another 
curious  feature  in  this  weird  mammal ;  the  foetal  manatee 
has  a  thick  coating  of  rudimentary  hair,  but  the  skin  of  the 
adult  animal  is,  like  that  of  the  whale,  almost  hairless.  The 
abundance  of  hair  on  the  foetal  manatee  indicates  that 
manatees  had  ancestors  as  furry  as  seals.  Long  ago  John 
Hunter  noted  that  whales  and  sea-cows  (manatees),  mam¬ 
mals  living  entirely  in  the  water,  could  derive  no  advantage 
from  hair,  but  they  have  an  immense  quantity  of  sub¬ 
cutaneous  fat,  which  is  a  worse  conductor  of  heat  than  water. 
When  the  ancestors  of  manatees  took  to  water  they  lost 
their  hair,  but  gained  fat. 

Embryology  furnishes  evidence  concerning  kinship  and 
descent.  Our  thoughts  may  be  turned  in  this  direction  when 
we  eat  a  flat-fish.  Sole,  plaice,  brill,  dab,  flounder,  turbot, 
and  halibut,  when  first  hatched,  are  symmetrical  and  trans¬ 
parent  ;  they  have  an  eye  on  each  side,  and  swim  in  a  vertical 
position  (Fig.  78).  Later  the  fish  flattens  and  the  facial 
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portion  of  the  skull  twists  in  such  a  way  as  to  bring  the  eyes 
to  the  upper  surface. 

The  hinder  part  of  the  skull  that  contains  the  brain  does 
not  share  in  the  twist.  Sometimes  a  sole  is  found  with  an 
eye  on  the  white  or  “  blind  ”  side.  Holt  described  an 
example  in  1894.  The  larva  of  a  flat-fish,  so  transparent 
when  alive,  is  rendered  visible  by  the  metallic  brilliancy 
of  the  eyes,  which  shine  through  the  transparent  tissues  like 
metal  beads.  The  alteration  in  the  position  of  the  eye 
influences  the  mode  in  which  the  little  fish  swims  (Fig.  79). 
During  the  whole  of  the  change,  from  a  bilaterally  symme- 


brill  {Cunningham). 


trical  to  a  flat-fish,  the  inclination  from  the  vertical  in 
swimming  is  proportional  to  the  degree  of  asymmetry  of 
the  eyes. 


A  Cervical  Heart 

Many  mammalian  organs  migrate  during  embryonic  and 
foetal  life,  and  some  of  the  changes  in  their  position  are  as 
extraordinary  as  those  of  the  eye  of  flat-fishes.  Early  in 
the  study  of  human  anatomy  this  matter  comes  forcibly  to 
our  notice  when  we  study  the  recurrent  course  of  the  inferior 
laryngeal  nerve,  and  realise  that  its  unusual  course  is  due 
to  the  transit  of  the  heart  from  throat  to  thorax.  There 
is  nothing  quite  so  fascinating  as  watching  the  pulsating 
embryonic  heart  of  a  chick  lying  clear  of  the  body-cavity, 
then  to  trace  its  gradual  enclosure,  translation,  and  final 
imprisonment  by  the  completion  of  the  walls  of  the  body- 
cavity.  Occasionally  the  heart  fails  to  reach  its  normal 
place,  and  is  detained  in  the  neck — an  embryological  acci¬ 
dent  not  uncommon  in  calves.  The  clinical  features  of  such 
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an  anomaly  are  striking.  A  calf  (Fig.  80)  was  born  near 
Montrejeau,  1902,  and  its  owner  sought  the  advice  of  Bour¬ 
delle  on  account  of  a  globular,  pulsating  swelling  in  its  dew¬ 
lap.  The  swelling,  which  was  as  big  as  a  coco  nut,  became 
soft  and  flaccid,  then  hardened  suddenly,  and  sensibly 
diminished  in  volume.  These  changes  happened  regularly 
seventy  times  per  minute,  synchronously  with  the  pulsa¬ 
tion  in  the  arteries.  There  was  no  difficulty  in  recognising 
the  supposed  tumour  as  the  heart.  The  calf,  which  did  not 
appear  to  suffer  inconvenience  from  the  anomalous  position 


Fig.  80. — A  calf,  aged  two  and  a  half  months,  with  its  heart  in  the 

dew-lap. 

of  its  heart,  was  killed  in  order  that  a  complete  anatomical 
examination  could  be  made.  The  details  are  given  with 
great  care  in  the  Revue  Y  Her  inair  e,  1902.  The  thoracic 
cavity  was  much  smaller  than  usual,  partly  due  to  an 
abnormally  forward  position  of  the  diaphragm,  which  was 
also  displaced  by  an  unusually  large  liver.  A  cervical  heart 
is  a  rare  anomaly,  but  I  will  now  describe  something  rarer. 

An  Intrathoracic  Stomach 

The  diaphragm  is  a  muscle  peculiar  to  mammals,  and  the 
long  course  of  the  phrenic  nerves  arouses  curiosity.  In  the 
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embryo  the  thorax  and  abdomen  form  a  common  cavity, 
as  in  amphibians  and  reptiles.  This  pleuro-peritoneal  cavity 
is  divided  by  the  diaphragm  into  thoracic  and  abdominal 
cavities.  The  precise  mode  in  which  the  diaphragm  arises 
is  not  easily  appreciable,  and  this  muscular  septum  is  liable 
to  some  gross  defects.  Deficiency  of  the  left  half  of  the 
diaphragm  has  often  been  recorded,  and  few  pathological 
museums  are  without  an  example. 

A  child  with  a  partial  diaphragmatic  hernia  may  survive 
its  birth  and  attain  adult  life,  but  in  the  majority  of  patients 
with  diaphragmatic  hernia  that  come  under  the  observation 
of  surgeons  the  lesion  is  traumatic.  Imperfections  of  the 
diaphragm  allow  the  intestines  and  stomach  to  intrude  into 
the  thoracic  cavity,  and  without  the  help  of  X-rays  it  would 
be  difficult  to  diagnose  such  a  condition  with  certainty.  To¬ 
day  the  stomach  requires  a  section  in  text -books  of  surgery 
to  itself,  and  anomalies  in  the  position  of  the  stomach  are 
of  practical  interest.  I  had  an  opportunity  (1917)  of  study¬ 
ing  an  intrathoracic  stomach  presenting  unusual  features. 
A  spinster,  aged  twenty-six  years,  complained  of  gastric 
disturbance  of  such  severity  as  justified  an  examination 
with  X-rays  and  an  opaque  meal.  The  radiographs  dis¬ 
closed  the  shadow  of  a  body  above  the  diaphragm,  displac¬ 
ing  the  heart  to  the  left.  Two  radiographers  of  experience 
agreed  that  the  intrathoracic  shadow  represented  a  stomach 
lying  above  the  diaphragm.  The  patient’s  discomfort 
justified  operation.  The  parts  were  exposed  by  a  median 
supra-umbilical  incision,  but  no  stomach  was  visible.  Then 
I  found  a  cleft  in  the  diaphragm  on  the  right  side  of  the 
oesophagus  from  which  small  intestine  emerged.  On  intro¬ 
ducing  my  fingers  I  found  the  stomach  lying  in  a  pouch 
extending  into  the  thorax.  I  withdrew  the  stomach  ;  it  was 
of  normal  size,  but  had  very  thick  walls,  and  on  being  released 
at  once  slipped  out  of  sight  into  the  pouch.  The  limits  of 
the  pouch  were  clearly  indicated  on  the  radiographs.  The 
patient  recovered  from  the  operation,  but  suffers  occasional 
discomfort  and  attacks  of  vomiting.  Her  digestive  disturb¬ 
ances  have  not  been  relieved  or  aggravated  by  the  inter¬ 
ference.  The  pouch  occupied  by  this  vagrant  stomach  has 
an  embryologic  history.  The  region  of  the  abdomen  known 
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as  the  lesser  bag  of  the  peritoneum  is,  for  the  Swedish 
anatomist  Broman,  the  omental  bursa.  In  the  embryo  it 
extends  into  the  thorax  on  the  right  of  the  oesophagus.  In 
the  foetus  a  small  pouch  exists  in  this  situation — the  infra¬ 
cardiac  bursa.  In  adults  it  may  be  detected  as  a  narrow 
slit  (Fig.  81).  Man,  in  common  with  other  members  of  his 
class,  has  two  pleural  cavities ;  some  monkeys  possess  a  third 
that  lodges  the  odd  or  azygous  lobe  of  the  right  lung ; 


Fig.  81. — The  thoracic  surface  of  the  diaphragm,  showing  the  position 
of  the  infracardiac  bursa  in  a  human  fcetus  {Broman). 

Simpson  found  one  in  a  man  (1907).  The  infracardiac  bursa 
of  the  foetus  represents  the  third  pleural  cavity.  It  was  a 
cave  in  my  patient,  and  hid  the  stomach. 

The  Undescended  C^cum 

Under  normal  conditions  the  csecum  occupies  the  right 
iliac  fossa,  and  in  many,  especially  women,  it  dips  into  the 
right  half  of  the  pelvis.  The  changes  which  take  place  in 
the  disposition  of  the  intestines,  great  and  small,  during  foetal 
life  are  well  known  to  anatomists.  These  movements  lead 
to,  and  end  in,  the  complicated  arrangement  of  the  peritoneal 
folds  that  cause  despair  to  the  novice  in  human  anatomy. 

In  a  large  number  of  mammals  the  whole  intestinal  tract 
from  the  middle  of  the  duodenum  to  the  end  of  the  colon  is 
slung  on  a  common  mesentery.  This  is  the  arrangement 
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found  in  the  human  embryo ;  it  occasionally  persists  in 
adults,  and  leads  to  some  remarkable  displacements  of  the 
caecum  that  cause  a  very  fatal  form  of  intestinal  obstruction. 
In  the  early  embryo  the  caecum  does  not  exceed  in  circum¬ 
ference  a  contiguous  coil  of  ileum ;  even  at  this  stage  it  is 
defined  by  the  vermiform  appendix  (Fig.  82)  and  lies  in 
contact  with  the  under-surface  of  the  liver.  Gradually 


Fig.  82. — Intestinal  tract  of  a  human  embryo  6  cm.  long.  The  liver 

has  been  removed  (Broman). 

enlarging,  it  descends  to  the  normal  position  in  the  right  iliac 
fossa.  It  is  a  common  condition  to  find  the  caecum  com¬ 
pletely  invested  with  peritoneum,  and  almost  as  mobile  as 
a  small  ovarian  cyst.  Occasionally  the  caecum  is  retained  in 
the  foetal  position,  immediately  under  the  liver. 

The  alarming  frequency  of  septic  disease  of  the  vermiform 
appendix  leads  surgeons  to  study  keenly  variations  in  the 
position  of  the  caecum  and  anomalies  connected  with  its 
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descent,  for  these  determine  the  final  situation  of  the 
appendix.  Experience  in  the  operating-theatre  teaches 
surgeons  that  the  vermiform  appendix  may  lie  in  any  posi¬ 
tion  between  the  under-surface  of  the  liver  and  the  floor  of 
the  pelvis.  I  have  on  several  occasions  found  its  tip  touch¬ 
ing  the  gall-bladder.  When  the  appendix  is  retrocaecal,  it 
often  lies  in  contact  with  the  kidney.  I  have  carefully 
studied  the  retrocsecal  appendix,  not  only  on  account  of 
the  difficulty  that  sometimes  attends  the  diagnosis  of 
appendicitis  when  the  appendix  lies  behind  the  caecum,  but 
also  to  ascertain  the  causes  which  lead  to  this  position.  It 
admits,  I  think,  of  the  following  simple  explanation.  In 
many  of  the  cases  in  which  the  appendix  hes  vertically 
behind  the  caecum  its  tip  is  firmly  fixed  near  the  liver. 
Thus  it  happens,  if  the  tip  of  the  foetal  appendix  is  anchored, 
it  cannot  descend  with  the  caecum  into  the  iliac  fossa,  but 
the  descending  caecum  gradually  lengthens  the  appendix. 
This  will  explain  the  fact,  familiar  to  surgeons,  that  a  retro- 
caecal  appendix  is  often  abnormally  long,  straight,  and  lacks 
a  mesentery.  Occasionally  I  have  found  the  tip  of  a  retro - 
caecal  appendix  so  firmly  fixed  to  the  peritoneum  in  the  loin 
that  the  caecum,  though  it  has  descended  into  the  iliac  fossa, 
has  had  its  blind  end  turned  upwards  to  the  liver.  In  such 
a  case  the  caecum  is  suspended  by  the  appendix.  The 
mechanism  by  which  the  caecum  migrates  is  associated  with 
that  determining  the  descent  of  the  testes  and  the  ovaries. 
Non-descent  of  the  sexual  glands  is  often  associated  with  an 
undescended  caecum,  and  those  ill-understood  movements, 
or  readjustments,  of  the  peritoneum  that  occur  at  a  late 
period  of  foetal  life. 

The  Pelvic  Kidney 

Some  of  the  changes  in  the  position  of  abdominal  viscera 
are  almost  romantic.  The  extraordinary  movements  cul¬ 
minating  in  the  descent  and  extrusion  of  the  testicles  were 
detected  by  Haller  in  1755;  John  Hunter  soon  after  de¬ 
scribed  the  process  thoroughly,  and  left  little  for  subsequent 
anatomists  to  discover.  It  is  not  generally  appreciated  that 
the  kidneys  undergo  a  marked  translation  during  foetal  life. 
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Many  years  ago,  whilst  making  a  post-mortem  examination 
of  a  man,  I  found  one  of  his  kidneys  in  the  hollow^  of  the 
sacrum  (Fig.  83) ;  it  received  its  blood-supply  from  the  right 
and  the  left  common  iliac  arteries.  I  have  seen  a  kidney 


Fig.  83. — Pelvic  kidney ;  from  a  man. 


in  this  situation  in  a  woman ;  it  was  regarded  before  opera¬ 
tion  as  a  distended  Fallopian  tube.  When  the  pelvic  organs 
were  exposed  in  the  course  of  the  operation  a  curious  set  of 
anomalies  appeared.  The  uterus  was  of  the  unicorn  variety 
and  had  a  right  ovary,  tube,  and  broad  ligament.  The  left 
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side  was  smooth  and  round,  and  lacked  appendages  of  every 
kind,  including  the  round  ligament.  The  right  kidney  was 
normal  in  position  and  shape.  This  woman  conceived  after 
the  operation  and  was  delivered  without  difficulty,  in  spite 
of  the  kidney  in  the  hollow  of  the  sacrum. 

A  pelvic  kidney  may  become  hydronephrotic,  and  it  has 


Fig.  84. — Diagrams  to  show  the  varying  relations  of  the  adrenal  and 
kidney  in  the  human  embryo  {Broman). 

happened  that  a  gynaecologist,  unaware  of  this  anomaly, 
removed  such  an  organ  under  the  impression  that  it  was  an 
ovarian  cyst.  The  retention  of  a  kidney  in  the  hollow  of 
the  sacrum  admits  of  an  explanation. 

The  position  of  the  kidney  in  the  human  embryo  is 
influenced  by  the  size  of  the  adrenal.  During  intra-uterine 
life  the  adrenals  are  large  and  conspicuous.  In  the  first 
o 
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half  of  the  second  month  the  adrenal  is  double  the  size  of 
the  kidney  and  the  two  organs  are  widely  separated  (Eig.  84). 
Then  the  kidney  grows  faster  than  the  adrenal.  At  the 
end  of  the  second  month  they  are  equal  in  size,  and  sub¬ 
sequently  the  kidney  becomes  the  more  conspicuous  organ. 
The  relationship  of  the  kidney  to  the  iliac  arteries  (Fig.  84) 
in  the  embryo  explains  the  occasional  occurrence  of  a  pelvic 
kidney;  if  the  renal  arteries  arising  from  the  iliacs  persist, 
they  serve  to  retain  the  kidney  in  or  near  the  pelvis. 

The  close  proximity  of  the  kidneys  in  the  pelvic  region 
of  the  embryo  helps  us  to  understand  the  origin  of  the 
common  anomaly  known  as  horse-shoe  kidney,  in  which  the 
two  kidneys  are  more  or  less  intimately  joined  by  their  lower 
poles,  and  the  ureters  usually  lie  in  front  of  the  renal  isthmus. 
In  one  example  I  have  seen  both  halves  of  such  a  kidney 
hydronephrotic  and  the  isthmus  passed  across  the  pelvis 
below  the  promontory  of  the  sacrum. 

The  large  size  of  the  adrenal  in  the  human  embryo  is  due 
to  the  preponderance  of  the  cortex  over  the  medullary 
portion  (T.  R.  Elliott),  and  this  is  in  some  subtle  way 
correlated  with  the  development  of  the  cerebrum.  The 
hypertrophy  of  the  adrenal  cortex  in  embryonic  hfe  is  a 
feature  peculiar  to  human  foetuses,  and  if  the  cerebrum  fails 
to  develop,  as  in  anencephalous  human  foetuses,  the  propor¬ 
tions  of  cortex  and  medulla  are  like  those  of  other  mammals. 
It  is  said  that  Morgagni  (1723)  knew  of  this  correlation 
between  the  cerebrum  and  the  adrenals,  but  I  have  failed 
to  find  the  statement  in  his  Letters. 

Although  I  have  collected  half  a  score  examples  of  pelvic 
kidneys  in  men  and  women,  I  have  failed  to  obtain  any 
evidence  of  pelvic  kidneys  in  other  mammals.  This  may 
be  used  as  additional  evidence  that  the  caudal  displace¬ 
ment  of  the  kidney  in  the  human  embryo  is  due  to  the 
predominance  of  the  adrenal  cortex. 


Specific  Organ-forming  Substances 

The  correlation  between  the  cortex  of  the  adrenal  and 
the  cerebrum  leads  us  to  the  consideration  of  what  are  known 
as  specific  organ-forming  substances.  This  may  be  exempli- 
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fied  by  an  experiment  on  the  developing  eye.  The  chief 
features  in  the  formation  of  the  eye  of  a  vertebrate  animal 
are  well  known.  The  essential  nervous  elements  of  such  an 
eye  are  furnished  by  the  optic  vesicle — an  outgrowth  from 
the  brain.  The  lens  begins  as  a  circumscribed  thickening 
(or  plakode)  of  the  surface  epiblast,  which  is  received  into 
the  hollow  formed  by  the  invagination  of  the  optic  vesicle. 
Lewis,  in  the  course  of  some  remarkable  experiments  per¬ 
formed  on  tadpoles,  cut  off  the  optic  vesicle,  and  pushed 
the  apaputated  organ  under  the  skin  to  a  new  place;  no 
lens  was  formed  in  the  normal  position,  but  a  lens-like 
structure  developed  from  the  skin  situated  over  the  optic 
vesicle. 

This  specific  organ-forming  influence  can  be  studied  in 
the  poultry-yard.  Hens  have  only  one  ovary  and  oviduct— 
the  left.  The  right  ovary  and  duct  are  missing.  Often  the 
absent  oviduct  is  represented  by  a  vestige  attached  to  the 
cloaca.  In  winter  the  left  ovary  is  small  and  insignificant, 
and  the  oviduct  a  mere  thread.  In  spring  the  ovary  is  the 
most  conspicuous  organ  in  the  abdomen,  and  the  oviduct 
becomes  enlarged,  convoluted,  and  resembles  intestine  in 
size  and  appearance.  It  is  reasonable  to  believe  that  some 
specific  secretion,  formed  in  the  ovary,  stimulates  growth 
and  tissue-formation  in  the  oviduct,  and  the  vestigial  con¬ 
dition  of  the  right  oviduct  of  birds  is  correlated  with  the 
absence  of  the  corresponding  ovary.  The  influence  of 
glandular  activity  on  tissue-production  is  remarkable.  No 
one  has  seen  a  gall-bladder  without  a  liver,  a  ureter  without 
a  kidney,  or  a  uterus  without  a  sexual  gland.  I  have  seen 
and  described  a  uterus  in  a  boy,  but  there  were  testes 
associated  with  it.  There  is  a  side  issue  connected  with  the 
missing  ovary  in  birds  that  is  worth  mention.  From  very 
ancient  times  men  and  women  have  believed  that  the  right 
ovary  furnishes  boys  and  the  left  ovary  girls.  Many  medical 
men  beheve  it  to-day ;  the  tradition  is  deeply  rooted ;  it 
has  no  foundation.  As  hens  have  only  one  ovary — the  left 
— those  who  believe  this  tradition  must  tell  us  “  where  the 
cocks  come  from  ”  (Blacker). 
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Mastoid  Teeth 

Thirty-five  years  ago  my  curiosity  was  aroused  by  some 
strange  teeth  lodged  in  the  mastoid  region  of  a  horse’s  skull. 
The  specimen  is  preserved  in  the  Museum  of  the  Veterinary 
College  at  Alfort,  near  Paris.  The  horse  was  dissected  in 
the  College,  and  the  teeth  were  described  by  Prof.  Goubaux 
in  1849.  On  the  skull  is  written,  “  Supernumerary  molars 
in  the  temporal  region  of  a  horse.”  I  re-examined  this  skull 


Fig.  85.- — Head  of  a  mare  with  a  sinus  leading  to  some  mastoid  teeth. 

The  drooping  lip  shows  palsy  of  the  facial  nerve  (from  Tumours, 

6th  ed.). 

and  some  other  examples  of  mastoid  teeth  when  I  re-visited 
the  Museum  in  1917.  From  the  day  that  I  first  examined 
these  misplaced  teeth,  impacted  in  the  mastoid  portion  of 
the  temporal  bone,  my  interest  in  them  remained  unabated. 
Teeth  in  this  situation  are  not  novelties.  I  have  examined 
a  score  of  such  specimens.  The  presence  of  mastoid  teeth 
is  indicated  by  a  sinus  at  the  base  of  the  ear  (Fig.  85),  from 
which  purulent  and  mucous  fluid  issues.  This  leads  to  an 
examination  and  the  detection  of  the  teeth.  Sometimes  one 
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tooth  is  present,  lodged  in  the  attic  of  the  tympanum — a 
fact  that  has  given  colour  to  the  erroneous  impression  that 
the  sinus,  and  the  misplaced  tooth,  arise  from  imperfect 
closure  of  the  branchial  pouch  from  which  the  tympanum 
is  derived.  Occasionally  several  teeth  are  present;  they 


Fig.  86. — Mastoid  teeth.  Two  shown  in  section  (from  Tumours, 

6th  ed.). 

are  invariably  ill-formed,  and  two  or  more  teeth  may  be 
blended,  forming  a  mass  resembling  an  odontome  enclosed 
in  a  bony  capsule  embedded  in  the  mastoid  region  of  the 
skull.  Such  dental  conglomerates  contain  enamel,  dentine, 
and  cementum  in  a  complex  jumble  (Fig.  86).  The  dental 
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mass  sometimes  bulges  into  the  cranial  cavity,  and  if  the 
sinus  becomes  septic  the  horse  dies  from  meningitis.  The 
facial  nerve  is  sometimes  involved  in  the  Fallopian  aque¬ 
duct,  and  leads  to  facial  palsy. 

Veterinary  surgeons  remove  mastoid  teeth  in  a  summary 

manner.  They  enlarge  the 
sinus,  ascertain  the  position 
of  the  tooth,  and  remove 
it  either  with  forceps,  or  a 
chisel  and  mallet.  The 
cavity  is  stuffed  with  anti¬ 
septic  gauze  and  allowed 
to  heal. 

In  1890  I  obtained  some 
new  light  on  these  curious 
teeth.  Dr.  John  Evans,  of 
Aberdare,  sent  me  a  sheep’s 
ear  (Fig.  87)  with  a  fistula 
corresponding  in  situation 
with  the  sinus  in  the  mare. 
Near  the  orifice,  and  associ¬ 
ated  with  it,  there  is  an 
incisor  tooth,  in  shape 
indistinguishable  from  the 
normal  incisor  of  a  lamb. 
The  neck  of  the  tooth  is 
surrounded  with  mucous 
membrane  (gum),  and  its 
root  occupies  a  bony 
socket ;  the  whole  is  lodged 
in  a  fold  of  skin  beset  with 
black  papillae.  This  fold 

of  skin  resembles  in  every 

Fig.  87.  Ear  of  sheep  with  an  accessory  hhe  lower  lip  of  a 

oscumm,  tooth  and  iip.  ^ 

lamb.  The  rest  of  the  head 
had  been  lost,  probably  eaten.  The  ear,  when  shown  at  a 
meeting  of  the  Pathological  Society,  London,  caused 

comment  and  vague  speculation.  Many  years  elapsed  before 

I  got  any  clear  light  on  this  specimen,  and  the  clue 
gradually  came  from  a  study  of  double-headed  animals. 
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In  1877  Gurlt  published  some  observation  on  malforma¬ 
tions  among  domesticated  animals,  and  figured  the  head  of  a 
lamb  with  incisors  lodged  in  a  diminutive  but  unmistakable 
mandible,  and  a  tongue  of  correspondii^g  size.  The  man¬ 
dible,  teeth,  and  tongue  were  associated  with  a  hstula  open¬ 
ing  into  the  normal  pharynx  of  the  lamb.  When  the  animal 
drank,  some  of  the  fluid  escaped  through  the  hstula.  A 
similar  condition  is  shown  in  Fig.  88,  except  that  the  subject 
is  a  cow  of  the  Devon  breed.  This  cow  was  exhibited  in  a 
travelling  show.  Attached  to  the  neck  is  a  mandible  with 


Fig.  88. — Head  of  a  cross-bred  Devon  ox  with  an  accessory  head 
attached  to  its  throat.  A  cane  passed  through  the  accessory 
mouth  entered  the  normal  pharynx. 


teeth  and  tongue ;  an  orihce  associated  with  the  tongue  led 
into  the  cow’s  pharynx.  A  study  of  this  and  similar  recorded 
examples  leads  me  to  endorse  Guilt’s  opinion,  that  these 
cervical  teeth,  mandible,  and  tongue  are  remnants  of  an  acces¬ 
sory  head,  and  the  fistula  represents  the  mouth  of  the  rudimen¬ 
tary  head.  Many  museums  contain  examples  of  bicephalous 
skulls  of  calves.  These  double  skulls  are  remarkable  from 
the  frequency  with  which  they  are  conjoined  in  the  mastoid 
region.  A  useful  specimen  shows  a  well-formed  skull,  with 
one  less  perfectly  developed  hrmly  fused  to  it  in  the  mastoid 
region  (Fig.  89). 
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The  critical  study  of  a  large  number  of  such  skulls  leaves 
no  escape  from  the  conclusion  that  mastoid  teeth  and  an 
auricular  sinus  in  horses,  like  a  cervical  osculum  and  teeth 
in  a  sheep  or  an  ox,  are  remnants  of  an  accessory  or  parasitic 
head.  Mastoid  teeth  are  memorials  of  a  lost  individual. 


Fig.  89. — Calf’s  skull  with  an  accessory  skull  attached  in  the  mastoid 
region  {Mus.  R.  College  of  Surgeons). 


CHAPTER  XXIV 


THE  ANTLERS  OF  FALLOW  DEER 

We  all  do  fade  as  a  leaf  (Isa.  Ixiv.  6). 

This  famous  epigram  finds  its  best  application,  so  far  as 
back-boned  animals  are  concerned,  in  the  natural  history 
of  antlers,  the  deciduous  weapons  of  deer.  The  growth 
and  fall  of  antlers  is  easily  observed  in  Fallow  deer,  for 
herds  of  these  handsome  animals  are  common  in  parks, 
public  and  private,  in  many  parts  of  England. 

In  order  properly  to  appreciate  the  nature  of  the  antler 
the  observation  should  begin  in  April,  for  at  the  end  of  this 
month,  or  the  beginning  of  May,  the  antlers  fall  and  leave 
a  circular  wound  on  each  of  the  pedicles  that  supported 
them.  The  wound  quickly  heals  and  a  circular  disc  forms 
on  the  top  of  each  pedicle.  The  discs  are  soft,  and  in  colour 
as  well  as  in  consistence,  resemble  rubber.  The  pedicle, 
formed  of  hard  bone  directly  continuous  with  the  outer 
plate  of  the  frontal  bone,  is  covered  with  the  hairy  skin 
like  that  on  the  animal’s  scalp.  The  disc  grows  rapidly 
and  assumes  the  shape  of  a  mushroom  (Fig.  90)  :  it  is  soft, 
vascular,  tender,  and  warm. 

At  this  stage  a  buck  in  confinement  will  permit  keepers 
and  visitors  gently  to  handle  the  growing  crowns ;  indeed, 
a  buck  in  this  condition  will  allow  ‘‘  those  to  butt  him  whom 
he  butted  before.”  Through  May,  June,  July,  August  the 
antlers  grow  rapidly,  for  they  attain  the  full  size  in  four 
months  (Fig.  92).  Whilst  growing,  antlers  are  covered 
with  sensitive  skin  called  “  velvet  ”  beset  with  fine  short 
hairs  and  sebaceous  glands  (Fig.  91).  A  buck  “  in  velvet  ” 
is  very  careful  not  to  knock  the  antlers  :  this  occasionally 
happens  in  confinement,  and  under  such  conditions  bruises 
and  nodes  are  not  uncommon  consequences. 

When  the  antler  is  nearly  full  grown  a  ridge  of  bone,  the 
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burr  or  coronet,  forms  around  the  junction  of  the  antler  with 
its  pedicle.  This  burr  constricts  the  arteries  supplying  the 


Fig.  90. — -Head  of  a  Fallow  buck  in  May,  fifteen  days  after  the  fall  of 

the  antlers. 

velvet ;  ''  in  a  short  space  of  time  the  circutation  is  entirely 
obstructed  and  consequently  the  whole  of  that  once  very 


Fig.  91.' — Velvet  of  a  buck’s  antler  (magnified)  :  it  shows  a  hair  and 

sebaceous  glands. 

vascular  and  sensible  tegument  loses  its  vitality,  dries, 
shrinks  and  peels  off,  leaving  the  horn  a  naked  and  insensible 
weapon  ”  (Hunter). 
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The  velvet  begins  to  peel  towards  the  end  of  August  and 
the  antlers  become  ragged  and  untidy.  As  soon  as  the  peel¬ 
ing  begins  the  buck  rubs  off  the  strips  of  dead  skin  and 
burnishes  the  antlers  by  rubbing  them  against  trees  and 
boughs.  The  antlers  persist  during  rutting,  and  early 
in  September  the  buck  is  powerful  and  dangerous  (Fig.  92). 
In  a  deer  park,  the  clash  of  antlers  between  rutting  bucks 
recalls  the  clash  of  swords  when  jealous  dandies  fought 


Fig.  92. — Fallow  buck  in  velvet  in  June,  fifty  days  after  shedding 

the  antlers. 

duels  for  fair  women.  From  the  time  the  velvet  is  shed 
the  antlers  undergo  retrogressive  changes,  die  and  fall  when 
the  does  are  big  with  young. 

The  shape  of  antlers  varies  with  the  age  of  the  buck,  and 
there  are  names  to  match  the  variations.  Holof ernes  in 
his  “  extemporal  epitaph  on  the  death  of  the  deer  ”  gives 
them  as  pricket,  sorel  and  sore. 

Hunter  prepared  some  excellent  specimens  showing  the 
mode  of  growth  and  death  of  antlers  in  Fallow  deer.  The 
specimens  are  in  good  condition  in  the  Museum  of  the  Royal 
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College  of  Surgeons.  They  are  injected  preparations  and 
show  the  vascularity  of  the  velvet.  The  blood-supply  comes 
from  the  temporal  branches  of  the  external  carotid  artery. 
These  arteries  enlarge  during  the  growth  of  the  antlers,  and 
Hunter  tried  to  arrest  the  growth  and  induce  the  fall  of  an 
antler  by  ligaturing  the  artery  that  supplied  it.  In  July 


Fig.  93. — Fallow  buck  in  nuptial  Livery,  in  September,  one  hundred  and 

fifty  days  after  shedding  the  antlers. 

1785,  he  had  a  buck  thrown  in  Richmond  Park  and  tied 
the  carotid  artery;  pulsation  ceased  in  the  antler  and  the 
velvet  became  cold.  A  week  or  two  later  the  antler  was 
warm  and  growing.  The  buck  was  killed  and  sent  to  Leicester 
Square.  The  obliteration  of  the  artery  was  proved.  Free 
anastomosis  had  taken  place  between  the  small  vessels  above 
and  below  the  point  where  the  artery  had  been  tied. 
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In  the  Zoological  Gardens,  London,  from  1881  to  1886,  I 
watched  the  growth  and  shedding  of  the  antlers  of  the  Wapiti. 
The  antlers  were  shed  early  in  March  :  from  that  month 
onward  to  the  end  of  July  the  buck  was  supplied  with  nearly 
double  the  quantity  of  fodder  he  required  in  winter.  This 
buck,  weighing  between  four  and  five  hundred  pounds,  in 
four  months  grew  a  pair  of  antlers  weighing  twenty  pounds. 
The  facility  with  which  buck  produce  bone  for  their  antlers 
is  only  equalled  by  the  ease  with  which  sheep  produce  fat, 
cows  milk,  and  birds  feathers.  The  seasonal  changes  in 
the  disposition  of  the  beast  were  as  remarkable  as  the  growth 
of  the  antlers.  The  inoffensive  and  docile  animal  of  May, 
June  and  July,  gradually  became  fierce,  combative  and 
offensive.  In  September  he  was  powerful  and  dangerous. 
Proud,  haughty  and  fully  conscious  of  his  strength,  he  would 
charge  the  strong  iron  pallisades  of  the  enclosure,  and  occa¬ 
sionally  broke  the  tines  or  splintered  the  beam  of  an  antler. 
The  heavy  blows  he  inflicted  on  the  iron  railing  often  re¬ 
sounded  through  the  park. 

Towards  the  end  of  Spring  the  antlers  fall, 

This  haughty  buck,  in  Autumn,  bold  and  wild. 

With  head  erect  and  loud  imperious  call. 

Is,  in  the  summer  season,  tame  and  mild. 

The  structure  of  an  antler  is  worth  consideration.  The 
beam  contains  a  central  core  of  vascular  cancellous  tissue 
which  extends  throughout  its  length,  with  ramifications 
into  the  tines.  The  peripheral  parts  of  an  antler  consist 
of  dense  bone  which  is  hard,  and  in  the  dried  state,  white 
like  ivory.  The  exterior  is  rough  and  often  resembles  the 
bark  of  a  tree.  The  tips  of  the  tines  are  solid,  and  the  very 
tip  is  often  smooth  and  polished. 

When  thin  sections  of  the  hard  parts  of  the  antler  are 
ground  thin  and  examined  under  the  microscope,  they  display 
the  complete  characters  of  hard  bone,  such  as  is  seen  in 
the  shaft  of  an  adult  femur  :  there  are  well-developed  Haver¬ 
sian  systems  with  central  canal,  lacunae,  and  canaliculi. 

It  is  an  amazing  feature  of  these  large  antlers  that  such 
a  mass  of  hard  and  durable  tissue  with  the  perfect  structure 
of  bone  can  be  developed  in  three  or  four  months. 
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Madder,  Bone  and  Belchier 

Madder,  a  red  colouring  matter  in  the  rhizome  of  the 
plant  Rubia  tinctorum,  has  been  used  from  early  times  for 
dyeing  linen  fabrics.  The  actual  colouring  matter  is  called 
alizarin.  Madder  is  interesting  to  physiologists  because  it 
has  been  used  in  the  experimental  study  of  the  growth  of 
bone.  Its  use  for  this  purpose  was  accidentally  discovered 
by  a  calico  printer.  In  1736,  John  Belchier,  surgeon  to 
Guy’s  Hospital,  dined  with  a  calico  printer  and  learned  that 
when  pigs  were  fed  on  madder-soaked  bran  from  the  vats, 
their  bones  became  red.  Belchier  interested  himself  in 
this  matter  and  found  that  the  solid  parts  of  growing  bones 
were  tinctured  by  madder,  and  also  teeth  except  the  enamel. 
He  fed  a  cock  on  fig-dust  mixed  with  madder.  The  bird 
died  fifteen  days  afterwards,  and  Belchier  was  surprised 
to  find  the  bones  universally  reddened.  Belchier  read  a 
paper  on  this  matter  before  the  Royal  Society,  1736.  He 
found  that  the  colour  was  so  fixed  in  the  bones  that  it  per¬ 
sisted  in  spite  of  maceration,  boiling,  and  steeping  in  spirit. 
The  persistence  of  the  colour  depends  on  the  affinity  of 
phosphate  of  lime  for  the  colouring  principle  of  madder, 
forming  what  is  now  known  as  Calcium-alizarate,  which 
is  an  insoluble  precipitate  of  alizarin.  Though  madder 
stains  the  whole  bone,  it  stains  more  particularly  newly- 
formed  bone,  and  callus  thrown  out  around  the  broken  ends 
of  bone. 

Belchier’s  chief  interest  in  the  madder  experiments  lay 
in  the  fact  that  the  staining  of  the  bone  proved  that  blood 
circulated  through  the  compact  substance  of  bone,  a  matter 
on  which  at  that  date  there  seemed  to  be  some  doubt. 

As  is  well  known,  Duhamel  and  John  Hunter  made  use 
of  madder  in  their  famous  experiments  on  the  growth  of 
bone.  In  recent  years  it  has  been  used  experimentally 
to  determine  the  fate  of  bone-grafts  for  the  repair  of  extensive 
injuries  in  the  bones  of  men. 

In  the  summer  of  1918  I  had  an  opportunity  of  feed¬ 
ing  a  full-grown  Fallow  buck  with  madder;  my  object  was 
to  ascertain  the  mode  in  which  the  bone  in  the  antler  was 
deposited.  The  buck,  the  subject  of  the  observation,  was 
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the  original  of  the  preceding  figures.  The  antlers  fell  at 
the  end  of  April.  Madder  was  mixed  with  the  food  daily 
from  May  5  to  May  25.  It  was  omitted  for  fourteen  days  : 
resumed  on  June  9,  and  continued  till  July  10.  Madder 
was  given  with  the  food  during  the  whole  of  August.  The 
antlers  were  shed  on  Easter  Sunday,  April  20,  1919.  An 
examination  of  the  figures  of  the  buck’s  antlers  show  that 


Fig.  94. — Two  sections  of  the  palms  of  antlers  from  Fallow  buck. 
One  section  shows  the  velvet  (July),  the  other  is  from  a  madder- 
fed  buck,  showing  the  red  ring  (March). 


during  the  first  few  weeks  the  beam  is  developed.  In  June 
the  tines  develop,  and  the  palm  of  the  antler  is  the  last  to 
be  formed.  The  distribution  of  the  madder  in  the  antlers 
corresponds  with  their  observed  growth.  The  beam  is 
almost  uniformly  stained,  showing  that  it  increases  in  thick¬ 
ness  throughout  the  whole  period  of  growth.  The  palm 
is  nearly  white,  corresponding  with  the  abstinence  from 
madder  during  twenty-one  days  in  July.  There  is  a  delicate 
pink  ring  (Fig.  94)  in  the  palm  of  the  antler  corresponding 
to  the  administration  of  madder  in  August.  The  base  of 
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the  beam  is  white  like  ivory,  including  the  burr.  This  is 
the  only  part  of  the  antler  that  is  free  from  madder.  The 
experiment  corroborates  the  view  held  in  regard  to  the  fall 
of  the  antler; — the  growth  of  the  burr  after  the  antler  is 
full  grown  constricts  the  blood-vessels  supplying  the  antler, 
especially  its  velvet,  and  leads  to  its  fall. 


CHAPTER  XXV 

CIRCUMCISION  AS  A  RITE  AND  AS  A 
SURGICAL  OPERATION 

Circumcision  may  be  described  as  the  most  ancient  as 
well  as  the  simplest  operation  in  surgery,  but  it  differs  from 
all  other  recognised  surgical  procedures  in  possessing  among 
many  races  and  tribes  of  men  a  ceremonial  value. 

Such  great  painters  as  Botticelli  and  Era  Bartolommeo 
considered  it  worthy  their  high  art  to  represent  the  perform¬ 
ance  of  circumcision.  Among  the  magnificent  frescoes  on 
the  wall  of  the  Sistine  Chapel  there  is  one  representing 
Zipporah,  the  wife  of  Moses,  circumcising  her  son  with 
a  sharp  stone,  according  to  the  description  contained  in 
Ex.  iv.  25. 

The  earliest  mention  of  the  rite  of  circumcision  occurs  in 
Gen.  xvii.,  when  Abram’s  name  was  changed  to  Abraham, 
and  God  made  a  covenant  with  him  that  he  should  be  fruitful 
and  multiply.  The  sign  of  this  covenant  was  circumcision, 
and  the  instructions  in  regard  to  it  are  very  explicit  :  “  Every 
man  child  among  you  shall  be  circumcised,”  and  that  there 
should  be  no  mistake  in  the  meaning  of  the  term  the  following 
verse  runs  :  ‘‘  And  ye  shall  be  circumcised  in  the  flesh  of 
your  foreskin.”  Abraham  circumcised  Ishmael  and  all  the 
male  members  of  his  house.  Abraham  was  circumcised 
and  Ishmael  his  son,  Abraham  being  ninety-nine  and  Ishmael 
thirteen. 

Circumcision  was  at  one  period  universal  among  the 
Egyptians  (Fig.  95).  Later  it  became  a  custom  of  the 
priests.  According  to  Herodotus  the  Egyptians  practised 
circumcision,  preferring  cleanliness  to  decency. 

There  has  been  much  quibbling  in  regard  to  circumcision, 
as  to  whether  it  should  be  regarded  as  an  ordinance  for 
cleanliness  or  a  purely  religious  rite;  the  text,  however, 
P  209 
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is  very  clear ;  it  was  to  ensure  fruitful  coitus,  in  order  that 
the  seed  of  Abraham  should  multiply  according  to  the  cove¬ 
nant.  A  long  foreskin  is  a  recognised  hindrance  to  con¬ 
venient  coitus.  Apart  from  any  consideration  as  to  the 
rite  of  circumcision  being  instituted  for  the  mere  purpose 
of  cleanliness,  the  Jews  must  have  regarded  it  as  a  sacrament, 
for  in  many  of  the  Old  Testament  narratives  ‘‘  uncircum¬ 
cised  ”  is  used  as  a  term  of  contempt,  and  nowhere  with  more 


Fig.  95. — Relief  from  the  Egyptian  tomb  of  Ankh-ma-Hor  at  Sakkara 
6th  dynasty — about  3000  b.c.- — showing  a  circumcision  {Offord). 

force  than  by  Ezekiel,  from  whom  it  would  be  inferred  that 
the  place  for  the  wicked  is  among  the  uncircumcised  in 
the  nether  pit  (hell). 

The  importance  of  circumcision  as  a  rite  is  emphasised  in 
the  case  of  Achior,  Captain  of  the  Ammonites.  He  tried  to 
dissuade  Holof ernes  from  attacking  the  Jews,  and  was  im¬ 
prisoned  at  Bethalia  for  his  advice.  Achior  was  so  aston¬ 
ished  when  he  saw  the  head  of  Holof  ernes,  which  Judith 
had  cut  off,  that  he  fainted.  Subsequently  he  allowed  himself 
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to  be  circumcised  and  joined  the  house  of  Israel  (Judith 
xiv.  6,  10). 

One  of  the  most  dramatic  events  connected  with  circum¬ 
cision  in  the  Old  Testament  is  the  massacre  of  the  Hivites 
by  Simeon  and  Levi  three  days  after  they  had  been  circum¬ 
cised,  in  order  to  make  Shechem  an  eligible  husband  for 
Dinah,  the  daughter  of  Jacob  (Gen.  xxxiv.).  I  have  often 
regarded  this  as  the  most  cunning  plot  ever  played  by  the 
crafty  Israelites,  outdoing  in  this  respect  Saul  when  he  desired 
a  hundred,  but  received  from  David  two  hundred,  Philistine 
foreskins  as  a  dowry  for  his  daughter  Michal  (1  Sam.  xviii. 
25-27). 

Notwithstanding  the  determined  manner  in  which  cir¬ 
cumcision  appears  to  have  been  enforced  in  the  early 
history  of  the  Jews,  it  fell  into  abeyance  whilst  this  band 
of  emancipated  slaves  wandered  in  the  desert,  for  it  was 
revived  by  Joshua  (v.  3-7).  Burton  has  calculated  the 
weight  of  prepuces  removed  on  that  occasion.  Although 
the  Jews  treated  their  uncircumcised  neighbours  with  con¬ 
tempt,  there  was  one  period  in  their  history  when  some  of 
them  were  ashamed  of  their  circumcision,  and  there  is  a 
curious  passage  in  the  first  Maccabean  Book  (i.  15)  which 
runs  :  And  made  themselves  uncircumcised  and  forsook 
the  holy  covenant  and  joined  themselves  to  the  heathen.” 
This  passage  has  puzzled  many  writers,  and  it  is  a  curious 
problem  to  surgeons,  for  it  is  difficult  to  understand  how 
such  a  condition  could  be  brought  about.  Winwood 
Reade  suggests  that  the  converted  Jews  wore  artificial 
foresldns. 

It  is  strange  also  that  the  rite  of  circumcision  should  lead 
to  persecution,  for  in  this  same  chapter  we  read  that  at 
the  time  when  Antiochus  set  up  the  fashions  of  the  Gentiles 
in  Jerusalem  and  spoiled  the  temple,  two  women  were  put 
to  death  who  had  caused  to  be  (or  had)  circumcised  their 
children.  The  mode  of  their  execution  was  particularly 
brutal :  “  And  they  hanged  the  infants  about  their  necks, 
and  rifled  their  houses,  and  slew  them  that  had  circumcised 
them.”  In  the  Second  Book  of  Maccabees  the  matter 
runs  thus  :  ‘‘  For  there  were  two  women  brought  who  had 
circumcised  their  children,  whom  they  had  openly  led  round 
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about  the  city,  the  babes  hanging  at  their  breasts,  they  cast 
them  down  headlong  from  the  wall  ”  (vi.  10). 

The  Emperor  Antoninus,  by  a  rescript,  endeavoured  to 
prohibit  circumcision  among  the  Egyptians.  A  careful 
account  of  the  restrictions  is  supplied  by  Offord. 

Among  the  Jews  to-day  circumcision  is  performed  on  the 
eighth  day  after  birth,  which  is  regarded  as  a  sort  of  domestic 
feast-day;  but  only  men  are  allowed  to  witness  the  actual 
performance  of  the  rite. 

Circumcision  is  not  mentioned  in  the  Koran ;  it  was  prac¬ 
tised  by  Arabs  before  Mohammed’s  time.  Among  Moham¬ 
medans  the  rite  is  carried  out  about  the  thirteenth  year. 
The  Mohammedan  Arabs  profess  to  trace  their  origin  to 
Ishmael,  the  son  of  Abram  by  his  Egyptian  concubine 
Hagar,  and  the  choice  of  time  accords  with  the  age  at  which 
he  was  circumcised,  namely,  the  thirteenth  year,  but  there 
is  no  exact  practice  in  this  matter,  for  in  Egypt  circum¬ 
cision  is  performed  on  boys  of  seven  or  eight  years  and 
later.  The  ceremony  is  attended  with  great  show,  the  boy 
being  conducted  through  the  streets  in  gaudy  attire,  attended 
by  a  procession,  musicians,  and  the  barber  who  cuts  off 
the  foreskin.  A  boy  is  not  eligible  to  pray  in  the  mosque 
before  circumcision.  Wallace  describes  a  circumcision  festival 
at  Modjo-agong,  Java,  which  lasted  five  days.  The  two 
boys  circumcised  were  about  fourteen  years  of  age,  and  the 
operation  was  performed  by  two  priests  on  a  bench  in 
front  of  the  house  in  the  open  air,  before  the  assembled 
crowd. 

Circumcision  among  Copts  is  performed  when  the  child 
is  in  his  fifth  or  sixth  year  and  usually  by  a  barber;  the 
performance  of  the  rite  is  an  occasion  for  a  festival. 

For  Jews  circumcision  has  a  deep  religious  meaning,  and 
the  devotion  to  it  grew  in  proportion  to  the  contempt  it 
excited  among  their  Greek  and  Roman  oppressors.  The 
diffusion  of  the  Jews  throughout  the  civilised  world  after 
the  destruction  of  Jerusalem,  and  the  spread  of  Mohamme¬ 
dans  in  the  East  have  made  civilised  man  familiar  vith  the 
rite.  Circumcision,  however,  has  an  ethnic  as  well  as  a 
religious  aspect.  Howitt  made  careful  observations  of  the 
tribal  customs  in  South-east  Australia,  and  found  that  it  is 
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an  initiation  ceremony,  performed  often  with  a  complicated 
ritual  when  the  lads  are  near  the  period  of  puberty.  It 
belongs  to  the  same  kind  of  custom  which  includes  the 
knocking  out  of  an  incisor  tooth,  which  is  a  sign  that  the  boy 
has  now  become  a  man .  The  ritual  accompanying  the  per¬ 
formance  of  circumcision  varies  widely  among  the  different 
tribes,  and  in  one  of  the  tribes  ‘‘  the  medicine-man  who 
operates  swallows  the  prepuce  with  some  water.”  In  most 
instances  the  foreskin  is  cut  off  with  a  piece  of  sharpened 
quartz. 

Spencer  and  Gillen  in  their  account  of  the  Northern  Tribes 
of  Central  Australia,  1904,  describe  the  initiation  ceremonies 
through  which  youths  must  pass  before  they  are  admitted 
to  the  ranks  of  men  and  allowed  to  see,  or  take  part  in,  any 
of  the  performances  which  are  regarded  as  sacred,”  and  state 
that  the  two  most  important  ceremonies  are  circumcision 
and  subincision.  These  anthropologists,  after  the  most 
painstaking  inquiries,  came  to  the  conclusion  that  the  native 
has  no  idea  what  these  ceremonies  mean ;  no  one  is  allowed 
to  have  a  wife  until  he  has  passed  through  these  rites,  and 
the  women  look  with  contempt  upon  those  who  have  not 
done  so.  These  ceremonies  have  no  relation  to  procreation, 
for  the  simple  reason  that  the  natives  one  and  all  in  these 
tribes  believe  that  the  child  is  the  direct  result  of  the  entrance 
into  the  mother  of  an  ancestral  spirit -individual.  They 
have  no  idea  of  procreation  as  being  directly  associated  with 
sexual  intercourse,  and  firmly  believe  that  children  can  be 
born  without  this  taking  place.  They  believe  the  spirit 
to  be  very  minute,  about  the  size  of  a  grain  of  sand,  and  that 
it  enters  the  woman  through  the  navel  and  grows  within 
her  into  a  child. 

Among  the  Masai  and  Kavirondos  in  British  East  Africa, 
as  well  as  among  some  of  the  tribes  on  the  West  Coast 
of  Africa,  circumcision  is  freely  practised  and  as  a  great 
ceremonial  event. 

That  savage  tribes  should  perform  circumcision  as  a  more 
or  less  sacred  rite  without  understanding  its  meaning  is 
by  no  means  inconceivable.  I  have  been  assured  that  many 
Hindus  who  worship  Shiva  under  the  form  of  the  lingam, 
which  is  merely  a  vertical  stone  column  with  a  conical  end 
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representing  in  a  rude  fashion  the  penis,  but  symbolical  of 
the  procreative  power  in  animal  nature,  do  not  really  under¬ 
stand  the  meaning  of  the  lingam  itself. 

A  study  of  anthropological  writings  makes  it  certain 
that  circumcision  is  very  widely  practised  by  civilised  and 
by  uncivilised  races  and  tribes  of  men  throughout  the  world. 
In  many  it  certainly  has  a  religious  aspect,  as  in  Jews  and 
Mohammedans ;  a  quasi-religious  but  undetermined  meaning 
among  many  savage  races  in  regions  as  wide  apart  as  Aus¬ 
tralia  and  the  West  and  East  Coasts  of  the  African  continent. 
It  is  said  to  be  practised  in  Central  America,  but  the  principles 
on  which  it  is  based  are  unknown  to  me.  In  some  of  the 
Solomon  Islands  and  in  the  Fiji,  as  will  be  described  later, 
slitting  of  the  prepuce  and  circumcision  are  necessities  on 
account  of  hereditary  phimosis. 

Circumcision  from  the  Surgical  Point  of  View 

The  skin  covering  the  anterior  two-thirds  of  the  penis 
differs  from  that  of  the  adjacent  part  of  the  trunk  in  being 
glabrous,  thin,  and  free  from  fat,  but  it  is  in  the  white  races 
of  men  more  pigmented  than  skin  elsewhere ;  moreover  it 
is  movable  and  distensile.  At  the  end  of  the  penis  it  doubles 
upon  itself  and  forms  a  loose  fold,  known  as  the  prepuce, 
investing  the  glans  penis.  The  inner  layer  of  this  fold 
becomes  directly  attached  to  the  constricted  portion  of  the 
penis  known  as  the  neck ;  immediately  in  front  of  this 
attachment  is  the  rounded  projecting  border  of  the  glans 
known  as  the  corona  glandis,  and  the  epithelial  covering  of 
the  prepuce  is  continued  from  the  neck  over  the  corona, 
and  after  investing  the  glans  is  continuous  with  that  of  the 
urethra  at  the  slightly  projecting  vertical  folds  guarding 
its  terminal  orifice. 

At  the  free  margin  of  the  prepuce  the  skin  changes  its 
appearance,  becoming  thin  and  moist  like  mucous  membrane. 
The  lubricating  matter,  that  facilitates  the  gliding  of  the 
prepuce  over  the  glans,  is  furnished  by  the  desquamating 
epithelium  of  the  glans  and  the  surface  of  the  prepuce  in 
contact  with  it.  From  the  corona  to  the  urethral  orifice 
the  skin  is  beset  with  vascular  and  nervous  papillae,  and  it 
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adheres  intimately  and  immovably  to  the  tissue  of  the 
portion  of  the  corpus  spongiosum  that  forms  the  glans. 

The  median  fold  of  the  prepuce  that  connects  the  glans 
below  the  urethral  orifice  with  the  under  border  of  the  penis 
is  known  as  the  frsenum.  Thus  the  terminal  portion  (glans) 
of  the  penis  has  a  complete  investment  of  loose  hairless 
skin,  with  an  orifice  allowing  the  urine  to  escape  freely  during 
micturition. 

The  foreskin  serves  as  a  sheath  protecting  the  nerve- 
endings  (end-organs)  in  the  skin  of  the  glans  penis  which 
are  concerned  in  sexual  sensations.  The  natural  elasticity 
of  the  preputial  skin  causes  it  to  contract  as  the  glans  retracts 
into  it  after  erection.  Normally  the  foreskin  is  long  enough 
to  invest  the  glans  completely.  Occasionally  boys  are  born 
with  a  prepuce  insufficient  to  cover  the  glans,  and  in  some 
it  is  so  short  that  the  glans  is  as  completely  uncovered  as 
if  circumcision  had  been  performed.  In  mild  degrees  of 
hypospadias,  the  foreskin  forms  a  cutaneous  hood  to  the 
glans,  but  remains  unfastened  below,  and  the  frsenum  is 
absent. 

Phimosis 

The  common  abnormality  of  the  prepuce  is  redundancy, 
and  the  tubular  process  of  skin  sometimes  stretches  3  cm. 
or  more  like  a  miniature  proboscis  in  front  of  the  penis. 
Mere  abnormal  length  of  the  prepuce  does  not  in  itself  con¬ 
stitute  a  nuisance  so  long  as  the  foreskin  can  be  easily,  and 
painlessly,  drawn  back  so  that  the  parts  can  be  washed. 
In  many  short,  as  well  as  long  foreskins,  the  orifice  is  too 
small  to  allow  of  its  retraction.  The  glans  is  muzzled  by  its 
prepuce,  a  condition  expressed  by  the  term  phimosis.  It 
is  to  remedy  this  condition  that  surgeons  remove  the  fore¬ 
skin,  the  operation  being  known  as  circumcision. 

Phimosis  is  of  two  kinds,  congenital  and  acquired.  Con¬ 
genital  phimosis  is  very  common.  It  may  be  caused  by  a  very 
long  foreskin  with  a  narrow  orifice,  or  to  adhesion  of  the 
foreskin  to  the  glans,  which  is  natural  in  new-born  boys, 
but  which  usually  disappears.  This  temporary  union  is 
due  to  the  method  in  which  the  foreskin  develops.  When 
first  formed  the  penis  has  no  prepuce  and  the  end  of  the 
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penis  is  imperforate ;  the  prepuce  is  subsequently  separated 
by  an  ingrowth  of  surface  epithelium.  At  one  time  the 
tissue  that  ultimately  forms  the  prepuce  is  firmly  united 
to  the  glans ;  gradually  the  central  cells  degenerate  and  the 
prepuce  separates  from  the  glans,  the  outer  layer  forming 
the  epithelial  layer  of  the  prepuce,  the  inner  layers,  the 
covering  epithelium  of  the  glans  (Goodall).  The  so-called 
adherent  foreskin  of  the  infant  is  an  organic  connection 
between  the  glans  penis  and  the  non-differentiated  preputial 
tissues,  and  results  from  a  failure  of  the  ingrowing  epithelium 
to  desquamate  at  the  usual  time.  It  is,  in  reality,  an  arrested 
development. 

The  disadvantages  of  a  narrow  preputial  orifice  are  many. 
Chief  among  them  is  difficulty  in  voiding  urine,  which  leads 
to  straining  efforts,  and  if  the  inguinal  canals  are  weak  such 
efforts  may  lead  to  inguinal  hernia  or  prolapse  of  the  rectum. 
A  hernia  occasionally  disappears  after  circumcision.  The 
dribbling  of  urine  through  a  narrow  orifice  causes  much 
irritation  of  the  foreskin,  which  makes  children  peevish  and 
fretful ;  and  leads  to  reflex  disturbances  that  retard  their 
healthy  development. 

In  adults,  a  prepuce  long  and  loose  enough  to  allow  of 
retraction  sometimes  becomes  so  swollen,  particularly  after 
sexual  employment,  that  the  man  is  unable  to  return  it 
over  the  glans.  This  is  known  as  paraphimosis,  and  the 
swollen  foreskin  forms  a  red  ring  or  collar  behind  the  corona 
apparently  strangling  the  glans  penis. 

In  severe  forms  of  paraphimosis  the  condition  is  serious, 
for  if  unrelieved  it  ends  either  by  ulceration  of  the  constricting 
preputial  ring,  or  by  gangrene  of  the  glans  penis.  Such 
consequences  are  rare,  for  by  perseverance  the  surgeon 
usually  reduces  the  swollen  glans  through  the  constricting 
ring  by  means  of  his  thumb  and  fingers,  a  very  effectual  and 
simple  though  painful  method  of  relief.  An  anaesthetic  is 
rarely  needed. 

Acquired  Phimosis  and  Preputial  Calculi 

Many  men  with  a  slight  degree  of  phimosis  or  with  a  long 
but  retractile  prepuce  remain  un circumcised,  and  if  they 
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are  taught  to  keep  the  parts  clean  and  carry  out  the 
precepts,  the  condition,  though  inconvenient,  may  not 
give  rise  to  serious  trouble  throughout  a  long  life.  There 
is  no  question  that  such  a  condition  is  often  a  hindrance 
to  coitus  and  leads  frequently  to  paraphimosis  and  balanitis, 
besides  rendering  the  individual  more  prone  to  abrasions 
and  slight  fissures  which  may  be  infected  with  syphilis; 
moreover,  a  long  foreskin  is  certainly  a  trap  for  the  gonor¬ 
rhoeal  virus.  A  frequent  cause  of  acquired  phimosis  is  cica¬ 
trisation  of  a  chancre  at  the  margin  of  the  preputial  orifice. 

Apart  from  these  evils,  the  margins  of  the  preputial  orifice 
are  apt  to  be  excoriated  and  fissured  in  old  men  whose  urine 
dribbles  away  from  prostatic  trouble,  or  when  it  is  over-acid, 
foul,  or  diabetic  ;  under  these  conditions  the  chronic  inflamed 
prepuce  thickens,  its  under-surface  as  well  as  the  epithelial 
covering  of  the  glans  thicken,  and  the  surfaces  assume  the 
peculiar  white  appearance  characteristic  of  leucoplakia, 
which  is  common  on  the  lingual,  buccal,  and  vulval  mucous 
membrane.  Moreover,  the  thickening  of  the  prepuce  leads 
to  narrowing  of  the  preputial  orifice,  which  prevents  the 
proper  exposure  of  the  glans ;  smegma  accumulates,  the 
patient  is  made  uncomfortable  and  often  miserable  from  an 
irritating  and  annoying  balanitis.  Cases  are  known  in 
which  an  acquired  phimosis  of  this  character  has  been  neg¬ 
lected,  and  the  glans  has,  in  consequence  of  sloughing  of 
the  skin,  forced  its  way  through  the  dorsal  portion  of  the 
prepuce.  All  the  discomforts  of  acquired  phimosis  may  be 
remedied  by  circumcision  even  in  octogenarians.  The 
preputial  irritation  sometimes  seen  in  diabetics  is  better 
treated  by  merely  slitting  up  the  foreskin  under  local 
anaesthesia. 

Not  the  least  interesting  feature  of  acquired  phimosis 
in  men  is  the  formation  of  preputial  calculi.  The  concretions 
vary  greatly  in  number  and  in  size.  One  may  be  present, 
and  as  many  as  200  have  been  counted  (Vincent) ;  the  con¬ 
cretions  in  this  instance  are  preserved  in  the  Museum  of 
the  Royal  College  of  Surgeons.  Thirty  or  forty  is  not  an 
uncommon  number.  For  example  Annandale  removed 
thirty-six  calcuh  from  under  the  prepuce  of  a  salmon 
fisher,  aged  58  years,  and  Demarquay  collected  several 
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reported  cases,  including  one  under  Brodie’s  care  with 
sixty  concretions.  Zuckerkandl  described  a  curious  and 
rare  example  of  acquired  phimosis  with  unusual  conse¬ 
quences.  A  Slavonian  peasant,  aged  fifty,  stepped  into  a 
wasps’  nest ;  the  insects  fiew  up  the  leg  of  his  trousers  and 
stung  his  penis  and  scrotum,  causing  diffuse  cellulitis.  Twenty 
years  later  he  came  under  the  care  of  Vugic  with  a  large 
swelling  like  an  apple  at  the  end  of  his  penis.  The  preputial 
orifice  was  much  narrowed  in  consequence  of  cicatricial 
contraction.  The  foreskin  was  split  up  and  the  space 
between  it  and  the  glans  contained  three  concretions  the 
size  of  a  dove’s  egg.  Their  surfaces  were  facetted  and 
the  pressure  they  had  exerted  on  the  glans  caused  it  to 
atrophy. 

Many  inconveniences  are  associated  with  a  non-retractile 
foreskin  in  children,  in  adults,  and  in  elders.  Mothers  often 
strongly  object  to  their  boys  being  circumcised,  not  only 
from  a  dislike  to  subjecting  them  to  a  surgical  operation, 
however  trivial,  but  also  from  a  feeling  of  revulsion  in 
submitting  them  to  a  process  which  is  regarded  as  a  rite. 

It  is  wise  to  recommend  a  patient,  young  or  old,  who  has 
had  paraphimosis,  to  be  circumcised,  in  order  to  prevent 
the  recurrence  of  such  a  painful  and  unpleasant  condition. 

In  rarer  cases  the  preputial  orifice  may  be  so  narrow  that 
the  urine  after  escaping  from  the  urethra  will  distend  the 
prepuce  like  a  balloon,  and  then  issue  as  a  fine  jet  through  it. 
This  sort  of  thing  often  causes  mirth  to  the  boy’s  companions, 
but  will  exercise  a  baneful  influence  by  leading  to  sacculation 
of  the  bladder,  dilatation  of  the  ureters,  and  hydronephrosis. 

The  Museum  of  Charing  Cross  Hospital  contains  a  prepuce 
removed  from  a  man  thirty -five  years  of  age  with  an  orifice  so 
narrow  that  when  the  urine  escaped  from  the  urethra  it 
distended  the  prepuce  to  the  size  of  an  orange,  and  it  was 
then  expelled  by  squeezing.  Micturition  .required  fifteen 
minutes.  The  patient  had  a  congenital  phimosis,  and  at  the 
age  of  thirty-three  years  contracted  soft  sores  at  the  margin  of 
the  prepuce,  and  these  gradually  caused  the  narrowing. 

When  the  urine  is  retained  between  the  prepuce  and 
the  glans  penis  it  sets  up  much  irritation  and  occasionally 
inflammation  of  the  prepuce  (balanitis),  and  in  rare  examples 
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concretions  or  calculi  will  form  in  this  situation.  It  is 
not  uncommon  in  circumcising  children  to  find  on  peeling 
the  prepuce  from  the  glans  in  the  neighbourhood  of  the 
corona  small,  rounded,  pearly  bodies  composed  of  smegma 
and  epithelium ;  it  is  easy  to  understand  that  if  urine  had 
free  access  to,  and  was  retained  by,  a  prepuce  with  an  un¬ 
usually  narrow  orifice,  such  bodies  would  form  the  nuclei  of 
urinary  calculi.  This  actually  happens,  but  in  this  country, 
at  any  rate,  preputial  calculi  appear  to  be  very  rare.  It  is, 
however,  certain  that  severe  degrees  of  congenital  phimosis 
do  lead  to  the  formation  of  preputial  calculi,  and  a  case  has 


Fig.  96. — Preputial  calculi,  from  natives  of  the  Solomon  Islands 
{Mus.  St.  Thomas’s  Hospital). 


been  described  in  which  a  calculus  as  large  as  a  sparrow’s 
egg  was  removed  from  the  preputial  sac  of  a  child  (Foster, 
1880).  There  are  facts  which  support  the  opinion  that 
phimosis  may  be  hereditary 

Mr.  B.  Corney,  who  was  an  emigration  medical  officer  in 
Fiji,  states  that  nearly  all  the  natives  of  the  Solomon  Islands 
have  congenital  phimosis,  and  in  about  one  and  a  half  per 
cent,  the  preputial  orifice  is  no  larger  than  a  pin’s  head ; 
a  few  of  the  tribes  remedy  this  by  slitting  up  the  prepuce, 
usually  with  a  sharp  shell. 

In  the  Island  of  Malakula  all  the  tribes  except  one  at  the 
north-east  corner  slit  up  the  prepuce,  and  in  this  tribe  as  a 
result  of  congenital  phimosis  balanitis  (non-specific),  caused 
by  want  of  cleanliness  and  consequent  irritation,  is  very 
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common.  The  Fijians,  a  much  superior  race,  all  circumcise 
or  slit. 

As  a  consequence  of  congenital  phimosis  in  the  natives 
of  the  Solomon  Islands,  if  they  remain  uncircumcised  or 
are  not  slit,  calculi  form  under  the  prepuce,  and  Corney  sent 
to  Mr.  Crofts,  at  that  time  (1884)  surgeon  to  St.  Thomas’s 
Hospital,  some  preputial  calculi  which  he  had  removed 
from  two  natives,  aged  seventeen  and  eighteen  years 
respectively.  The  calculi  are  preserved  in  the  Museum  of  St. 
Thomas’s  Hospital  (Fig.  96). 

Some  disadvantages  have  been  urged  against  circumcision. 
Cancer  has  arisen  in  the  operation-scar,  but  it  is  undeniable 
that  a  man  with  a  long  non-retractile  chronically  inflamed 
prepuce  is  more  liable  to  penile  cancer  than  one  with  no 
prepuce.  Cutaneous  horns  sometimes  grow  from  a  circum¬ 
cision  scar,  but  they  arise  from  any  part  of  the  skin  covering 
the  penis,  even  from  the  epithelium  covering  the  glans. 
In  rare  cases  syphilis  and  tuberculosis  have  been  communi¬ 
cated  to  Jewish  children  as  a  result  of  a  certain  formula 
in  the  rite.  Infants  have  died  from  bleeding  and  sepsis 
when  the  operation  has  been  performed  by  surgeons  as  well 
as  by  the  mohel.  These  events  only  serve  to  show  that  an 
element  of  risk  pervades  all  human  actions. 
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CHAPTER  XXVI 


ATROCITIES  OF  WAR 

Vae  victis  !  It  is  difficult  to  conceive  a  shorter  sentence 
that  contains  so  much  meaning.  Woe  to  the  vanquished  ! 
The  modern  term,  Atrocities,  or  Horrors,  has  an  alarming 
signification  in  Christian  countries,  where  men  are  exhorted 
to  love  their  enemies  ! 

The  Old  Testament  abounds  in  descriptions  of  atrocities 
practised  on  prisoners  of  war.  We  are  all  famihar  with 
one  striking  example  in  which  the  first  King  of  Israel,  Saul, 
showed  mildness  to  the  vanquished  Amalekites,  and  the 
dramatic  reproof  he  sustained  when  the  prophet  Samuel 
hewed  Agag,  King  of  the  Amalekites,  in  pieces  for  sacrificial 
purposes. 

When  the  mighty  captain,  Joab,  took  Rabbah,  the  metro¬ 
polis  of  the  Ammonites,  he  wisely  sent  for  David  to  decide 
the  fate  of  the  garrison  and  be  responsible  for  the  atrocities. 
After  Joab  had  brought  forth  the  spoil  of  the  city  in  great 
abundance,  the  inhabitants  were  collected,  and  he  put  them 
under  saws,  and  under  harrows  of  iron,  and  under  axes  of 
iron,  and  made  them  pass  through  the  brick-kiln  (2  Sam. 
xii.  31).  This  was  done  not  only  to  the  people  of  Rabbah, 
but  also  to  the  inhabitants  of  other  Ammonite  cities.  Such  a 
method  of  treating  prisoners  of  war  was  not  peculiar  to  the 
Israehtes.  The  slaughter  and  torture  of  the  vanquished 
regularly  followed  the  capture  of  strongholds  in  those  days. 
The  date  of  some  of  these  conquests  and  wars  can  now  be 
fixed.  After  the  discovery  of  the  remarkable  slabs,  cylinders, 
and  tablets  of  Assyria,  enthusiastic  and  clever  men  set 
themselves  the  task  of  deciphering  the  peculiar  cuneiform 
inscriptions  so  common  on  these  monuments,  and  from  them 
much  has  been  learned  regarding  military,  social,  and  religious 
matters  connected  with  the  powerful  nations  surrounding 
the  kingdom  of  Israel.  Moreover,  the  evidence  now  avail- 
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able  shows  that  the  severe  punishment  inflicted  by  David 
on  the  Ammonites  was  the  common  sequel  to  the  capture 
and  sack  of  a  citadel.  Modern  civilisation  has  taught  men 
to  respect  brave  enemies,  but  this  forbearance  was  not 
practised  during  the  pre-eminence  of  Babylonia  and  Assyria. 

The  greatest  and  most  powerful  monarch  of  Assyria  was 
Ashur-nasir-pal  (885-860  b.c.).  The  chief  source  of  informa¬ 
tion  concerning  his  reign  is  the  long  cuneiform  inscription 
on  slabs  which  formed  the  pavement  of  the  entrance  to  the 
temple  of  “  Ninib  ”  at  Mmrud,  and  on  the  colossal  human¬ 
headed  bulls  and  lions  excavated  by  Layard,  and  now 
exhibited  in  the  British  Museum. 

Ashur-nasir-pal  had  the  walls  of  his  palace,  and  the  temple 
he  built  in  the  city  of  Calah  (Mmrud),  covered  with  records 
of  his  conquests  and  strings  of  titles  descriptive  of  his  great¬ 
ness  and  power.  It  is  the  description  of  the  atrocities 
inflicted  on  the  people  conquered  by  Ashur-nasir-pal  that 
concerns  us  most.  The  records  of  the  eighteen  years  of 
his  reign  show  that  there  was  scarcely  a  year  in  which  he 
was  not  at  war.  The  way  in  which  prisoners  were  treated 
is  briefly  set  out  in  regard  to  the  fortified  city  of  Tela.  After 
its  capture,  3,000  fighting  men  were  slain,  their  goods, 
oxen,  and  sheep  carried  away,  and  many  captives  burned 
with  fire.  Many  soldiers  were  taken  alive.  The  hands 
and  feet  of  some  were  cut  off ;  of  others  the  nose,  ears,  and 
fingers.  The  eyes  of  many  men  were  put  out.  One  heap 
was  made  of  the  living  and  another  of  heads.  The  heads 
of  some  were  bound  to  vines  round  about  the  city.  The 
young  and  maidens  were  burned  in  the  fire,  and  the  city  was 
annihilated. 

As  an  example  of  Ashur-nasir-pal’ s  vengeance  the  following 
is  a  good  example  : — 

The  city  of  Suru  revolted  and  killed  the  governor.  The 
King  collected  chariots  and  hosts,  and  took  the  city.  He 
built  a  pillar  near  the  city  gate  and  flayed  all  the  chief  men 
and  covered  the  pillar  with  their  skins.  To  be  flayed  alive 
is  a  horrible  form  of  punishment,  and  it  is  difficult  to  con¬ 
ceive  the  kind  of  crime  that  fits  it.  Boys  at  school  learn 
from  Ovid  that  Marsyas,  the  Phrygian  flute-player,  was  flayed 
alive  for  presumption.  Although  he  repented  because  he 
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did  not  think  that  playing  on  Minerva’s  reed  deserved  sueh 
vengeance : — 

“  Apollo  from  his  body  stript  his  hide. 

His  body  was  one  wound,  blood  every  way. 

Streams  from  all  parts  :  his  sinews  naked  lay 
His  bare  veines  pant  :  his  heart  you  might  behold.” 

{Sandy  s. ) 

In  the  Nineveh  Gallery  of  the  British  Museum  there  are 
bas-reliefs  representing  an  assault  on  a  fortified  city  by 
Assyrian  soldiers.  One  of  the  slabs  shows  how  badly  the 
vanquished  suffered  at  the  hands  of  their  conquerors.  The 
heads  of  the  prisoners,  and  probably  of  the  slain,  were  cut 
off  and  presented  to  the  King,  much  in  the  same  way  that 
big-game  hunters  collect  the  heads  of  slaughtered  beasts  as 
evidence  of  their  skill  and  courage. 

The  heads  of  the  slain  represented  on  the  bas-relief  (Fig. 
97)  have  marked  Jewish  features  (Museum  Guide).  It 
is  probable  that  the  atrocities  perpetrated  by  the  Hebrews 
on  the  Ammonites  were  no  worse  than  the  punishments 
and  atrocities  inflicted  on  them  when,  in  turn,  they  did  not 
happen  to  be  victorious.  Saul  committed  suicide  after  the 
disastrous  defeat  at  Gilboa  for  fear  the  enemy  should  abuse 
him.  The  Philistines  cut  off  his  head  and  fastened  his 
body,  and  the  bodies  of  his  three  sons,  to  the  walls  of 
Bethshan. 

In  those  ancient  times  a  king  who  went  to  war  was  glorified 
in  the  eyes  of  his  subjects  by  the  number  of  the  enemy  slain 
in  battle.  This  is  well  expressed  in  the  familiar  couplet : 
“  Saul  has  slain  his  thousands  and  David  his  ten  thousands.” 
The  history  of  the  ancient  civilisations  of  Palestine,  Baby¬ 
lonia,  Assyria,  and  the  neighbouring  countries  makes  it 
certain  that  atrocities  did  not  end  with  the  capture  of  a 
city.  The  inhabitants  of  the  conquered  countries  suffered 
cruelly,  and  there  are  good  reasons  for  the  opinion  that  many 
horrible  atrocities,  perpetrated  on  captive  Jews,  were  inten¬ 
sified  by  hatred  of  the  Jewish  religion,  which  differed  so 
materially  from  the  idolatrous  worship  of  Ashur  and  Ishtar 
in  Nineveh.  Every  country  has  its  own  religion,  and  the 
Jews  clung  to  their  creed  with  remarkable  tenacity. 

Antiochus  IV  (Epiphanes),  King  of  Syria,  endeavoured 
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(150  B.c.)  to  suppress  Judaism  and  establish  the  worship 
of  Greek  gods  at  Jerusalem.  Women  were  terribly  punished 
for  allowing  their  boys  to  be  circumcised  {see  p.  211).  The 
most  horrible  form  of  mutilation  on  record  is  that  indicted 
on  seven  brethren  in  the  presence  of  their  mother,  in  one  day, 
because  they  refused  to  eat  pork  (2  Macc.  vii.).  The  tyranny 
of  Antiochus  IV  led  to  the  Maccabean  rebellion. 
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Fig.  97. — Bringing  in  the  heads  of  the  slain.  Assyrian  bas-relief 

{British  Museum). 


At  the  period  when  Ashur-nasir-pal  inflicted  such  ferocious 
punishments  on  the  people  he  conquered  by  force  of  arms, 
Assyria  had  reached  not  only  a  state  of  great  prosperity, 
but  a  high  civilisation.  A  neighbouring  country,  Egypt, 
had  not  only  attained  a  higher  civilisation,  but  practised 
similar  atrocities  on  a  grander  scale.  There  are  pictorial 
records  of  the  atrocities,  which  may  be  read  and  studied 
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by  any  intelligent  tourist  who  makes  a  journey  to  Luxor, 
on  the  Nile.  Ramses  III  was  a  king  as  vain  of  his  conquests 
as  Ashur-nasir-pal.  He  reigned  in  Egypt  about  1100  b.c., 
and  conquered  the  Libyans  in  two  great  battles.  His  reign 
was  afterwards  a  period  of  peace  and  quiet,  and  Ramses 
became  a  great  builder  of  temples,  and  worshipped  especially 
the  Theban  Amon.  He  built  a  large  temple  on  the  western 
bank  of  the  Nile  at  Thebes.  The  place  is  now  known  as 
Medinet  Habu.  The  temple,  about  500  feet  long  and  160 
feet  wide,  stands  in  a  conspicuous  position  about  half  a 
mile  from  the  Memnon  Colossus.  The  sculptures,  wall- 
pictures,  and  hieroglyphics  record  the  King’s  campaigns 
against  the  Libyans,  the  Syrians,  and  the  negroes.  They 
are  of  importance  for  the  history  of  Egypt  and  Mediterranean 
lands.  The  figures  in  the  pictures,  cut  into  or  painted  on 
the  walls,  are  almost  life-size,  except  that  of  Pharaoh,  who 
is  represented  as  a  giant  fighting  and  trampling  on  his  foes. 
The  scenes  of  the  mutilation  of  prisoners  show  the  methods. 
On  one  wall  the  captors  are  engaged  cutting  off  the  hands 
and  feet  of  the  captives.  The  heaps  of  amputated  hands 
and  feet  are  depicted,  and  scribes  record  the  numbers,  like 
clerks  checking  goods  in  a  merchants’  office  (Fig.  98).  The 
severed  limbs  numbered  12,535. 

This  method  of  removing  hands  and  feet  was  practised 
in  the  Sudan  as  late  as  1890.  Father  Ohrwalder*  was  a 
captive  in  the  Mahdi’s  camp  ten  years  (1882-1892);  he 
wrote  an  account  of  his  captivity,  and  the  brutality  practised 
at  Omdurman.  Thieves  were  punished  by  removal  of  the 
right  hand  and  the  left  foot.  The  loss  of  the  hand  hampers 
him  in  thieving,  and  the  removal  of  the  foot  hinders  him 
in  running  away.  The  amputations  were  performed  by 
a  butcher.  A  cord  was  tied  round  the  forearm  just  above 
the  wrist,  and  the  hand  was  dexterously  detached  with 
a  knife.  The  stump  was  dipped  in  boihng  oil  or  fat,  and 
then  smeared  with  a  mixture  of  tar  and  grease.  In  about 
two  months  the  wound  healed.  The  foot  was  removed  at 
the  ankle  in  a  similar  way.  Some  died  from  the  shock  of 
the  amputation,  and  a  few,  later,  from  secondary  complica¬ 
tions.  Ohrwalder  mentions  that  many  recovered,  for  there 
were  an  enormous  number  of  cripples  in  Omdurman. 

Q 
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In  1898 1  had  an  opportunity  of  examining  a  spy  at  Luxor, 
who  had  been  punished  in  this  way  by  the  Khalifa.  He  was 
released  when  Kitchener’s  troops  occupied  Hongola.  The 
cut  surfaces  had  slowly  granulated.  The  styloid  processes 


Fig.  98. — Scene  from  a  wall  of  the  temple  at  Medinet  Habu,  showing 
scribes  recording  the  number  of  harids  cut  from  prisoners  of  war 
{From  a  'photograph). 

of  the  radius  and  ulna,  and  the  malleoli,  were  covered  with 
thin  scar  tissue. 

Thieves  seem  to  have  been  treated  with  more  considera¬ 
tion  than  prisoners  of  war.  In  the  case  of  a  thief,  when 
his  hand  or  foot  was  cut  off  the  bleeding  was  checked  by 
the  ancient  plan  of  dipping  the  stump  in  boiling  oil.  This 
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privilege  did  not  apply  to  captives  taken  in  battle,  and  many 
bled  to  death. 

In  some  parts  of  Africa  (Uganda),  mutilation  is  dreaded 
because  the  people  beheve  that  in  the  next  world  their 
ghosts  will  be  similarly  maimed.  A  man  whose  hand  is 
cut  off  believes  that  his  ghost  will  bear  the  stigma  of  a  thief. 
There  is  no  evidence  that  the  ancient  Egyptians  beheved 
in  such  fancies.  Though  religious,  they  were  practical, 
and  often  removed  the  genital  organs  of  prisoners  of  war, 
for  an  obvious  reason.  On  one  of  the  walls  at  Medinet 
Habu  soldiers  are  represented  in  the  performance  of  this 
mutilation.  The  proceedings  are  drawn  with  the  same 
realism  as  operations  in  a  book  on  operative  surgery.  The 
victim  is  held  down ;  the  knees  bent  and  the  legs  drawn  aside 
by  assistants,  whilst  the  operator,  standing  between  the 
limbs,  removes  the  external  genitals  with  a  knife.  He  makes 
a  curvilinear  incision  on  each  side  and  then  sweeps  off  penis, 
scrotum,  and  testicles,  and  casts  them  in  a  heap  as  in  the 
case  of  hands  and  feet.  Prisoners  tied  in  line,  like  cattle 
arranged  for  slaughter,  await  their  turn.  There  was  method 
in  treating  prisoners  of  war  in  this  way.  Many  died.  The 
survivors,  minus  hand  or  foot,  were  useless  as  soldiers,  and, 
without  genitals,  useless  for  propagation. 

The  hands  and  feet  and  other  severed  parts,  after  being 
counted  and  recorded,  were  dedicated  to  Amon,  or  to  Khons, 
in  the  temple,  from  the  same  motives  that  we  hang  captured 
flags  and  banners  in  conspicuous  places  in  our  cathedrals. 

The  pictures  in  this  temple  interested  me  in  1898,  because 
a  similar  act  had  been  performed  within  a  few  hundred 
miles  of  this  temple  as  recently  as  1896,  when  the  Abyssinians 
inflicted  a  crushing  defeat  on  the  Italian  forces  in  the  hills 
south  of  Adowa  (Adua).  After  the  battle  a  number  of 
prisoners  were  treated  in  the  same  way  as  the  soldiers  of 
Ramses  III  treated  the  unfortunate  Libyan  captives  some 
three  thousand  years  previously. 

The  effects  of  the  atrocities  on  the  Italian  soldiers  were 
carefully  described  by  Dr.  T.  Eiaschi,  surgeon  to  the  Sydney 
Hospital,  New  South  Wales.  Eiaschi  went  to  the  assistance 
of  his  countrymen  at  the  hospital  of  Asmara,  Abyssinia. 
The  Abyssinian  soldiers  cut  off  with  swords  the  right  hand 
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and  left  foot  of  the  captured  men.  Many  bled  to  death 
because  the  stumps  were  not  allowed  to  be  dipped  in  boiling 
melted  butter.”  Some  of  the  native  Mohammedans  who 
were  thus  mutilated  drowned  themselves  in  despair  in  a 
water-hole.  Some  bandaged  the  stumps  with  strips  of 
clothing,  and  were  eventually  rescued  by  their  wives.  Later, 
when  hospital  help  was  available,  the  condition  of  many 
sufferers  was  improved  by  secondary  amputation  performed 
by  Italian  surgeons.  Fiaschi  found  that  the  forearm  stump 
as  a  rule  healed  naturally.  The  leg  stump  required  reampu¬ 
tation,  save  in  a  few  instances  where  the  soldiers,  in  cutting 
off  the  foot,  had  hacked  off  the  malleoli.  He  estimates  that 
of  1500  black  soldiers  mutilated  at  Adowa  500  survived; 
the  remaining  1000  died  from  hsemorrhage,  starvation,  and 
suffering.  Removal  of  the  genitals  was  not  so  freely 
practised  on  the  living  as  removal  of  hands  and  feet.  Many 
of  the  sufferers  among  the  white  soldiers  were  privates  or 
petty  officers.  This  kind  of  mutilation  was  done  mainly 
by  the  Gallas — Abyssinian  irregular  mounted  horsemen, 
brave  men,  but  notorious  for  cruelty  in  war. 

Fiaschi’s  descriptions  of  the  methods  employed  in  muti¬ 
lating  the  prisoners  of  war,  wounded  and  unwounded,  black 
and  white,  corresponds  with  those  depicted  on  the  walls 
of  the  temples  at  Medinet  Habu.  The  object  of  the  mutila¬ 
tion  by  the  Gallas  was  to  take  the  parts  removed  to  their 
women.  The  Gallas  rode  about  with  these  disgusting 
trophies  transfixed  on  their  spears.  The  greater  number 
of  the  dead  were  evirated. 

It  is  well  known  that  men  can  survive  the  complete  removal 
of  the  external  genitalia  even  when  it  is  carried  out  in  the 
rude  fashion  depicted  on  the  walls  of  the  temple  at  Medinet 
Habu.  A  religious  sect  in  Russia  known  as  Skopski  practise 
complete  removal  of  the  external  genitals  of  the  male  as 
an  initiation  ceremony.  The  act  is  known  as  the  Royal 
Seal.  This  extraordinary  sect  was  founded  by  Andrew 
Selivanof  (died  1832),  and  the  initiation  ceremony  of  removing 
the  external  organs  of  generation  is  founded  on  the  famous 
argument  on  marriage :  “  For  there  are  some  eunuchs  which 
were  so  born  from  their  mother’s  womb  ;  and  there  are  some 
eunuchs  which  were  made  eunuchs  of  men ;  and  there  be 
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eunuchs  which  have  made  themselves  eunuchs  for  the  King¬ 
dom  of  Heaven’s  sake  ”  (Matt.  xix.  12).  That  the  Skopski 
remove  the  male  genitalia  completely  is  proved  by  a  specimen 
in  the  Museum  of  the  Royal  College  of  Surgeons,  showing 
the  effect  on  the  prostate  of  this  curious  religious  act.  When 
examining  the  specimen  it  occurred  to  me  that  this  might 
be  added  to  the  description  :  Who  in  mutilation  of  the  body 
seek  peace  in  (the)  spirit.  Religious  enthusiasts  in  England 
occasionally  endeavour  to  make  themselves  eunuchs,  but 
attempts  at  self -castration  are  rarely  successful. 

Mutilation  of  the  Corpse 

To  murder  a  person  and  dismember  the  dead  body  from 
sheer  hate  is  a  practice  repugnant  to  most  minds,  but  it  is 
widespread  and  a  common  mode  of  expressing  contempt 
and  hatred.  The  treatment  of  Guy  Fawkes  and  his  co¬ 
conspirators  shows  that  the  State  endorsed  the  mutilation 
of  the  bodies  of  traitors.  After  these  men  were  hanged 
their  heads  were  cut  oh,  the  bodies  drawn  and  quartered, 
and  the  heads  set  up  on  the  gates  of  the  city — for  the  rooks 
and  crows. 

Tyburn  gallows  stood  near  the  Marble  Arch,  and  I  have 
often  looked  at  the  rooks  that  perch  and  build  in  the  tall 
trees  in  Connaught  Square,  hard  by  the  tablet  that  marks 
the  spot  where  the  gallows  stood,  and  wondered  if  they 
are  descended  from  the  rooks  that  may  have  pecked  out 
the  eyes  of  Perkin  Warbeck,  Jack  Sheppard,  Jonathan 
Wild,  and  the  like,  or  sniffed  the  skeletons  of  Cromwell  and 
Ireton  when  they  were  exhumed  and  hung  on  the  gibbets. 

Whilst  expressing  horror  at  atrocities  committed  by 
Turks,  infidels,  and  savages,  on  the  quick  and  the  dead,  it 
is  worth  mention  that  early  in  the  fifteenth  century  the 
Welsh  under  Glendower  committed  atrocities  on  English 
soldiers.  Shakespeare  represents  the  Earl  of  Westmoreland 
informing  Henry  IV  of  these  facts  in  unmistakable  terms  : — 

“  There  came 

A  post  from  Wales  loaden  with  heavy  news ; 

Whose  worst  was,  that  the  noble  Mortimer, 

Leading  the  men  of  Hereford  to  fight 
Against  the  irregular  and  wild  Glendower, 
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Was  by  the  rude  bands  of  that  Welshman  taken, 

And  a  thousand  of  his  people  butchered  : 

Upon  whose  dead  corpse  there  was  such  misuse, 

Such  beastly  shameless  transformation. 

By  those  Welshwomen  done,  as  may  not  be 
Without  much  shame  retold  or  spoken  of.” 

Even  as  late  as  the  Wars  of  the  Hoses  it  was  a  common 
saying  : — 

“  Priests  pray  for  enemies,  princes  kill.” 

Certainly  they  cut  off  the  heads  of  important  men  slain 
in  battle  and  exhibited  them.  The  Earl  of  Salisbury  revolted 
against  Henry  IV,  and  lost  his  life.  The  gory  head  of  the 
earl  was  welcomed  into  London  by  a  procession  of  abbots 
and  bishops,  who  went  out  singing  psalms  and  thanksgiving 
to  meet  it. 

In  civilised  countries  respect  for  the  dead  body  is  almost 
a  fetish.  The  corpses  of  royal  persons,  and  the  rich,  are 
often  wrapped  in  lead  and  encased  in  polished  oak.  The 
bodies  of  common  mortals  are  put  in  coffins  made  of  elm, 
because  it  is  cheap  and  withstands  water  better  than  other 
kinds  of  wood.  In  the  formal  Christian  burial  service  we 
read,  “  though  worms  destroy  the  body,”  yet  with  singular 
perversion  coffins  are,  as  a  rule,  buried  beyond  the  depth 
at  which  earthworms  flourish. 

The  frequency  with  which  Man,  savage  and  civilised, 
mutilates  his  enemy,  in  frenzy  and  in  spite,  is  part  of  his 
animal  nature.  Here  is  a  curious  example  from  otters  : — 


Fracture  of  the  Os  Penis  or  Baculum 

Many  mammals,  especially  the  carnivorous,  have  a  bone 
in  the  penis.  It  is  also  present  in  squirrels.  Oldfield  Thomas 
noticed  that  the  os  penis  in  squirrels  shows  such  striking 
differences  in  the  various  species  that  he  finds  it  a  more 
reliable  guide  in  classifying  the  members  of  this  difficult 
family  than  their  teeth.  He  thinks  it  is  more  convenient 
to  call  this  bone  the  baculum — a  little  stick. 

Otters  have  a  bone  in  the  penis,  and  the  two  divergent 
knobs  are  invested  with  the  reflexion  of  the  prepuce  which 
covers  the  glans.  The  end  of  the  urethra  emerges  in  the 
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interspace  of  what  may  for  convenience  be  called  the  terminal 
condyles  of  the  bone  (Fig.  99). 

A  friend  of  mine,  a  keen  otter-hunter,  collected  the  “  penis 
bone  ”  of  otters  for  a  hobby,  and  noticed,  not  infrequently, 
that  the  bone  is  broken  and  healed.  It  is  difficult  to  account 
for  such  fractures  unless  we  know  the  habits  of  these  animals. 
When  male  otters  fight,  each  combatant  tries  to  seize  the 
external  genitals  (cods)  of  its  adversary.  Otters  possess 
powerful  jaws  and  sharp  teeth,  and  their  ability  to  break 
the  baculum,  notwithstanding  its  hardness,  need  not  be  a 
matter  for  surprise.  A  similar  fracture  has  been  observed 
in  a  seal.  T.  N.  Arnold  shot  a  seal  in  the  Caspian  Sea.  The 


Fig.  99. — The  normal  baculum  of  an  otter,  and  one  that  has  been 
broken  and  healed  {Mus.  B.  College  of  Surgeons). 


baculum  of  the  animal  had  been  broken,  but  the  fragments 
had  firmly  united.  The  bone  had  been  broken  at  a  spot  cor¬ 
responding  to  that  in  the  otter.  S.  Alpheraky  sent  a  short 
account  of  the  specimen,  and  a  drawing,  to  the  Zoological 
Society,  London.  He  found  it  difficult  to  offer  an  explana¬ 
tion  of  the  cause  of  the  injury.  Surely  male  seals  are  as 
quarrelsome  as  otters  !  This  is  a  mild  atrocity  of  war  com¬ 
pared  with  the  awful  vengeance  Man  suffers  at  the  hand 
of  Man  ! 
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CHAPTER  XXVII 


THE  SCIENCE  OF  THE  BULL-RING 

{Morning  Post) 

Much  misconception  exists  in  the  mind  of  the  average 
Englishman  concerning  bull-fighting,  especially  in  regard 
to  the  manner  in  which  the  bull  is  killed.  The  object  of  this 
article  is  neither  to  defend  bull-fighting  nor  to  give  an  account 
of  its  quaint  and  interesting  formalities,  but  to  describe, 
from  an  anatomical  standpoint,  the  task  essayed  by  the 
espada  (matador)  in  killing  the  hull  “  scientifically,”  an  act 
demanding  coolness,  courage,  dexterity,  a  straight  eye,  and 
a  strong  wrist.  The  critical  stroke  is  difficult  to  make 
successfully,  and  its  proper  accomplishment  needs  the  pre¬ 
liminary  co-operation  of  reliable  assistants.  An  idea  pre¬ 
vails  in  England  that  the  matador  piths  the  bull.  This  is 
erroneous ;  the  fatal  stroke  carries  the  sword  into  the  bull’s 
heart,  or  the  big  vessels  at  the  base  of  the  heart.  In  order 
to  kill  the  bull  according  to  the  best  traditions  of  the  ring, 
and  to  the  satisfaction  of  the  critical  spectators,  the  sword 
should  traverse  the  narrow  space  between  the  neck  of  the 
first  rib  and  the  transverse  process  of  the  vertebra  with  which 
the  head  of  the  rib  articulates.  This  interspace  varies  in 
size  in  different  bulls ;  it  may  be  an  oblong  chink,  or  oval, 
or  nearly  circular,  with  an  average  measurement  of  4  cm. 
In  order  to  reach  this  area  of  fate  the  sword  passes  over  the 
bull’s  horn,  and  the  animal’s  head  must  be  low  to  permit 
the  stroke.  In  order  that  the  interspace  may  be  as  wide 
as  possible,  the  matador  plays  with  his  victim,  aided  by 
the  red  flag,  so  as  to  get  the  two  forefeet  close  together.  The 
flag -play  which  precedes  the  fatal  stroke  is  not  a  performance 
to  irritate  the  bull,  but  a  necessary  proceeding  to  induce  him 
to  stand  in  the  position  which  is  required  for  the  satisfactory 
reception  of  the  ‘‘  scientific  stroke.”  When  the  bull  is  in 

232 


PICADORS 


233 


the  proper  position  the  guide  to  the  critical  spot  is  the  anterior 
border  of  the  right  blade-bone.  The  sword  should  enter 
a  little  to  the  inner  side  near  the  upper  angle  of  this  bony 
landmark  (Fig.  100). 

It  is  necessary  to  study  the  manner  in  which  the  matador’s 
colleagues  assist  him  in  preparing  the  bull  for  the  final 
sacrifice.  The  first  act  of  a  Spanish  bull-fight  belongs  to  the 
horsemen.  They  are  mounted  on  worn-out  horses,  placed 
near  the  barrier,  and  the  eye  of  the  horse  toward  the  arena 
is  blindfolded.  Each  horseman,  or  picador,  is  armed  with 
a  stout  pike,  which  has  a  short,  blunt-pointed  steel  spike. 


Fig.  100. — A  bull  with  the  sword  in  position  after  a  correct  thrust. 


When  the'  bull  gores  the  horse  its  horn  often  becomes 
entangled  for  a  few  seconds,  and  in  this  brief  interval  the 
picador  thrusts  the  point  of  the  pike  frequently  and  vigor¬ 
ously  into  muscles  at  the  root  of  the  bull’s  neck  near  the 
withers.  Sometimes  the  bull  kills  the  horse  at  once  by 
driving  a  horn  into  the  chest ;  often  the  bull  gets  the  horse 
fairly  on  its  horns,  and  throws  horse  and  horseman  to  the 
ground.  It  is  extraordinary  how  the  picadors  escape  injury 
in  these  encounters,  and  they  fully  deserve  the  name  of 
“  indiarubber  men”  imposed  on  them  by  Spaniards.  The 
strength  of  the  muscles  in  the  bull’s  neck  must  be  enormous, 
for  a  horse  and  picador  weigh  twelve  or  thirteen  hundred¬ 
weight.  When  the  bull  has  badly  wounded  or  killed  two 
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or  three  horses,  and  the  president  considers  that  the  “  honour 
of  the  horse  ”  is  satisfied,  a  trumpet  call  announces  the  end 
of  the  act. 

The  condition  of  the  bull  at  this  stage  is  worth  notice. 
He  has  been  rushing  about  the  ring  at  great  speed,  chasing 
handerilleros ,  who  have  been  flaunting  at  him  with  red  cloaks, 
goring  and  overturning  horses,  and  receiving  repeated  prods 
at  the  root  of  the  neck  from  the  metal-armed  pikes  of  the 
picadors.  The  powerful  muscles  belonging  to  the  complexus 
and  splenius  group,  which  enable  the  bull  to  raise  his  head, 
are  attached  to  the  tall  spines  of  the  anterior  set  of  dorsal 
vertebrse.  When  the  picador  forcibly  prods  the  bull  with 
his  pike  these  muscles  are  badly  damaged,  and  this  assault 
on  the  poor  brute’s  withers  gives  him  something  more  than 
a  stiff  neck.  The  object  of  the  ‘‘  horse-tragedy  ”  in  a 
Spanish  bull-fight  serves  the  purpose  of  tiring  and  weaken¬ 
ing  the  powerful  muscles  which  elevate  the  head.  This,  as 
will  be  shown  subsequently,  is  a  very  important  matter  for 
the  final  act  of  a  bull-fight.  It  has  been  necessary  to  discuss 
the  horse  performance  at  some  length,  because  the  part  it 
plays  is  rarely  understood  in  countries  outside  Spain.  For 
instance,  the  picador  has  been  described  as  ‘‘  one  of  the 
horsemen,  armed  with  a  lance,  who  commence  the  combat 
in  the  arena  by  pricking  the  bull  to  madness  with  their 
weapons,  but  purposely  avoid  disabling  him.” 

The  second  act  belongs  to  the  handerilleros,  some  of  whom 
worry  the  bull  by  Haunting  red  cloaks.  Another  approaches 
the  bull,  and  as  the  animal  charges  he  endeavours  to  plant 
a  pair  of  handerilleras  into  the  bull’s  shoulders,  one  on  each 
side  near  the  withers.  A  handerillera  is  a  sort  of  javelin  or 
barbed  dart,  with  vanes  of  coloured  paper.  When  a  handeril- 
lero  succeeds  in  implanting  a  pair  of  handerilleras  dexter¬ 
ously  and  neatly  the  agile  performer  wins  great  and  deserved 
applause.  When  the  second  act  has  been  carried  out  to 
the  president’s  satisfaction  a  trumpet-call  announces  the 
final  episode,  the  killing  of  the  bull. 

From  the  very  beginning  of  the  fight  the  matador  has  been 
keenly  studying  the  bull,  noting  the  animal’s  character  and 
peculiarities.  He  also  watches  the  efforts  of  the  picadors,  a 
matter  of  great  importance  to  him.  The  condition  of  the 
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bull  when  the  matador  takes  him  in  hand  varies  consider¬ 
ably.  Sometimes  the  bull  is  tired  out,  usually  weakened  and 
occasionally  tamed,  but  often  he  is  vigorous,  active,  and 
extremely  dangerous. 

The  matador  (espada),  armed  with  a  sword  possessing  a 
flat,  heavy  blade,  and  the  muleta,  a  small  red  flag  mounted  on 
a  short  staff,  now  engages  the  bull.  By  passes  with  his  red 
flag  he  plays  the  bull  until  the  animal  assumes  the  requisite 
position,  standing  with  his  forefeet  together  and  the  head 
drooping.  Occasionally  a  banderillera  sticks  in  the  way  : 
this  he  knocks  out  with  the  sword.  As  soon  as  the  bull 


Fig.  101.- — Un  volapie  de  “  Regaterin.” 


stands  in  a  position  favourable  for  the  stroke  the  espada 
administers  it  by  holding  the  sword  horizontally,  and  glanc¬ 
ing  along  it,  steps  quickly  forward  and  thrusts  it  into  the 
bulks  chest,  and  as  he  makes  the  stroke  his  arm  passes  over 
the  bulks  horn.  If  the  stroke  has  been  correctly  made  the 
bull  may  sink  on  the  sand  at  once  and  die  in  a  few  seconds. 
The  stroke  is  often  made  correctly,  but  the  bull  survives 
many  seconds.  Yet  so  long  as  the  sword  is  driven  into  the 
bulks  chest  at  the  correct  spot  it  is  no  discredit  to  the  espada 
whether  he  dies  in  thirty  seconds  or  in  ten. 

As  the  matador  thrusts  the  sword  into  the  bull  he  releases 
the  handle  and,  if  the  stroke  is  correctly  made,  the  sword- 
blade  is  seen  deeply  and  firmly  implanted  in  the  bulks  chest. 
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The  condition  of  the  bull  is  sufficient  indication  of  the 
accuracy  or  otherwise  of  the  stroke,  for  if  the  sword  enters 
the  bull’s  flesh  and  does  not  penetrate  the  thorax  at  the 
correct  spot  he  will  attack  the  matador,  and  occasionally 
succeeds  in  goring  him,  sometimes  fatally.  The  most  skilful 
espada  often  fails  to  kill  the  bull  at  the  first  stroke,  and 

sometimes  half  a  dozen  strokes  are  made 
before  the  correct  stroke  comes  off.  Not 
infrequently,  with  inexpert  matadors,  the 
killing  becomes  a  dreadful  bungle,  and  the  bull, 
bleeding  from  repeated  sword- thrusts,  sinks 
exhausted  under  the  barrier,  and  is  pithed  by 
the  puntillero,  with  his  short  dagger.  When 
a  matador  bungles  the  killing  he  is  hissed 
by  the  spectators,  for  every  Spaniard  is  an 
expert  in  the  rules  of  the  bull-ring ;  but 
when  he  kills  a  very  brave  bull  with  a 
brilliant  stroke  he  is  acclaimed  with  enthu¬ 
siasm  which  may  be  described  as  hysterical, 
whilst  a  triple  team  of  mules  gaily 
caparisoned  drags  the  carcase  of  the  bull 
from  the  arena.  Un  volapie  is  a  brilliant 
stroke,  for  it  is  made  when  the  bull  moves 
towards  the  matador  and  the  matador  is 
moving  towards  the  bull  (Fig.  101). 

The  feature  of  a  bull-fight  which  disgusts 
Englishmen  is  the  horse-tragedy ;  they  think 
The  end  is  it  unnecessary  and  cruel,  apparently  regard- 

sliffhtly  curved  .  . ,  .  j  •  j  i  t  i  i 

to  facilitate  its  mg  it  as  a  torment  without  design;  but  a 

entry  between  study  of  the  principles  underlying  bull- 

tllG  boDGS*  X  J-  v  o 

-  fighting  makes  it  clear  that  unless  the  neck 

muscles  of  the  bull  are  exhausted,  to  use  a  physiological 
term,  by  the  exertion  of  goring  and  overthrowing  horses, 
and  damaged  by  the  pikes  of  the  picadors,  the  correct 

and  often  masterly  stroke  of  the  espada  in  a  combat 

with  the  bravest  bulls  would  be  impossible  of  execution. 


Fig.  102.— 
Matador’s  sword. 


CHAPTER  XXVIII 

ON  PULQUE  AND  PULQUE-DRINKING  IN 

MEXICO 

Throughout  the  world  men  have  discovered  means  for 
obtaining  alcoholic  beverages  by  the  fermentation  of  starchy 
matter,  and  saccharine  juices,  obtained  from  the  vegetable 
kingdom.  The  starch  of  cereals  yields  beer,  whisky,  and 
sake  ;  from  the  juices  of  grapes,  berries,  apples,  sugar-canes, 
pine-apples,  bananas,  and  other  fruits,  men  obtain  wine, 
brandy,  cider,  rum,  and  the  like.  During  a  visit  to  Mexico 
I  have  had  opportunities  for  studying  pulque,  an  alcoholic 
drink  obtained  from  the  fermentation  of  the  sap  of  the 
maguey  {Agave  mexicana). 

The  cultivation  of  this  plant  is  an  important  industry  on 
the  Mexican  tableland,  and  the  maguey  plantations  are 
very  extensive  and  as  numerous  as  cornfields  in  England. 
The  maguey,  or  pulque-plant,  is  interesting  as  well  as  useful. 
When  full-grown  it  may  be  10  feet  high,  and  possess  thirty 
to  seventy  thick,  fleshy  leaves  arranged  in  rosette  fashion 
on  a  stout,  fleshy  stem,  which  is  usually  so  short  that  the 
leaves  appear  to  spring  from  the  root.  The  leaves  are  thick, 
long,  and  terminate  in  a  formidable  spine,  2  inches  or  more 
in  length,  sharp  and  strong  enough  to  penetrate  leather. 
The  edges  of  the  leaves  are  armed  with  strong  barbs,  so  that 
when  a  number  of  agaves  are  planted  close  together,  the 
spiny  armature  of  their  leaves  constitutes  an  impenetrable 
fence  against  man  and  beast. 

The  plant  is  propagated  by  means  of  shoots  which  spring 
from  the  roots  of  adult  plants  after  flowering-time.  These 
shoots  are  carefully  planted  in  rows  of  about  a  hundred 
plants  to  the  acre.  The  hole  made  for  the  reception  of  the 
plant  is  about  a  yard  square  and  filled  with  good  loose  soil. 
In  about  seven  years  the  maguey  matures,  and  a  single  stalk 
or  mast  grows  from  the  centre  of  the  rosette,  and  may  attain 
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a  height  of  20  feet,  while  at  the  base  it  sometimes  measures 
a  foot  in  circumference.  At  a  distance  a  flower-column  looks 
like  a  telegraph-pole,  and  the  upper  end  bears  a  huge  pyra¬ 
midal  inflorescence  not  unlike  a  candelabrum,  for  it  con¬ 
sists  of  branches  carrying  discs  composed  of  hundreds  of 
yellow  flowers.  These  are  in  due  course  replaced  by  seeds, 
and  as  soon  as  the  seeds  ripen  this  enormous  flower-stalk  and 
the  leaves  die.  Then  shoots  arise  from  the  roots.  Although 
the  flower-column  or  mast  appears  as  bare  as  a  telegraph- 
pole,  on  close  inspection  rudimentary  paper -like  leaves  will 
be  found  on  it. 

The  maguey  is  trained  to  yield  pulque  in  the  following 
way  :  After  planting,  it  requires  no  attention  until  the 
flowering  period,  which  happens  between  the  seventh  and 
tenth  years ;  at  this  time  the  middle  of  the  plant  consists 
of  a  number  of  leaves  closely  compressed  like  the  heart  of  a 
cabbage,  but  forming  a  sharply-pointed  cone.  An  examina¬ 
tion  of  the  apex  of  this  cone  affords  indications  to  the 
husbandman  when  a  maguey  is  about  to  flower.  The  cone 
is  then  cut  out,  and  the  soft  tissue  at  its  base  is  scooped 
out  of  the  short,  fleshy  stem  immediately  above  the  root, 
leaving  a  cavity  about  6  inches  in  diameter  and  4  inches 
in  depth.  The  soft  tissue  is  scraped  away  by  a  scoop¬ 
shaped  tool  known  as  the  raspador.  The  removal  of  the 
central  apical  bud  is  called  castration  of  the  plant.  The 
immature  leaves  from  the  cone  are  bright  yellow,  and 
after  the  cutting  the  husbandman  sticks  some  of  them  on 
the  spikes  of  the  surrounding  leaves  to  let  the  collector 
{tlachiquero)  know  that  the  plant  has  been  cut.  At  the  same 
time  the  edges  of  some  of  the  leaves  are  stripped  off  to  save 
him  from  being  scratched,  in  spite  of  leathern  clothes,  by 
the  lateral  barbs  when  collecting  the  sap  which  oozes  into 
the  artificial  cup  scraped  in  the  stem.  A  piece  of  leaf  is 
usually  placed  over  the  hollow  to  keep  out  rain-water,  and 
on  some  farms  the  leaves  are  interwoven  in  such  a  way  as 
to  form  a  roof  over  it. 

As  soon  as  the  plant  is  treated  in  this  way  the  juice 
accumulates  in  the  cavity,  and  twice  daily  a  man  or  boy 
visits  it  and  sucks  up  the  fluid,  known  as  aguamiel  (honey- 
water),  by  means  of  the  acocote  (Fig.  103).  This  instrument 
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is  a  bottle-shaped  gourd  from  which  the  pulp  has  been 
extracted  and  the  rind  dried.  At  the  narrow  end  a  piece 


rig.  103.  'Ihe  tlachiquero  collecting  aguamiel  from  the  maguey  by 
means  of  the  acocote.  A.  pigskin  lies  on  the  ground. 


of  ox-horn  is  adjusted  to  serve  as  a  spout,  and  the  broad 
base  of  the  gourd  perforated. 

This  crude  instrument  is  used  in  the  following  manner  ! 
The  horn-spout  is  introduced  into  the  cuplike  hole  in  the 
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maguey,  and  the  man  sucks  the  air  from  the  gourd  by 
applying  his  lips  to  the  hole  in  the  base ;  when  the  air  is  in 
this  way  withdrawn  from  the  gourd  the  fluid  rushes  into  it. 
The  aguamiel  is  then  emptied  from  the  acocote  into  a  pig¬ 
skin,  which  the  man  carries  on  his  back,  or  which  is  borne 
on  the  back  of  a  donkey  (Fig.  104). 


Fig.  104. — Pigskins  on  a  donkey’s  back ;  they  are  filled  with  aguamiel. 


After  removing  the  fluid  from  the  plant,  the  man  gently 
scrapes  the  cavity  with  his  raspador.  The  scraping  is  a 
very  necessary  act  in  the  management  of  the  maguey ;  it 
comes  about  that  each  daily  scraping  enlarges  the  cavity 
in  all  directions,  and  in  a  large  plant  it  may  eventually  have 
a  capacity  of  3  or  4  litres  or  more.  If  the  scraping  be  care¬ 
lessly  or  injudiciously  performed  the  maguey  quickly  dies. 
A  good  plant  well  managed  will  yield  10  litres  or  more  sap 
daily,  and  furnish  this  amount  for  twenty  weeks.  As  the 
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plant  fades,  green  shoots  sprout  from  its  roots  in  all  direc¬ 
tions,  and  are  in  due  course  transplanted. 

The  aguamiel  as  it  exudes  from  the  plant  is  a  sweet,  pale 
yellow  fluid  with  a  pleasant  taste,  and  very  attractive  to 
insects.  As  soon  as  the  tlachiquero  has  filled  his  pigskin, 
he  takes  it  to  the  hacienda,  and  the  fluid — after  being 
strained  to  free  it  from  insects  and  chips  of  the  agave — is 
poured  into  shallow  receptacles  made  of  ox-hide  stretched 
on  frames.  In  these  it  is  allowed  to  ferment ;  this  process 
is  hastened  by  the  addition  of  madre  ”  or  mother  pulque. 
The  preparation  of  the  madre  requires  care  and  experience, 
for  the  quality  of  the  pulque  depends  in  a  large  measure 
upon  it.  Fermentation  proceeds  so  rapidly  that  it  is  com¬ 
plete  within  twenty-four  hours ;  thus  pulque  cannot  be 
transported  in  a  condition  fit  for  drinking  beyond  a  journey 
of  a  few  hours.  When  ready  for  consumption,  the  pulque 
is  placed  in  barrels  and  regularly  conveyed  in  trains  to 
Mexico  City,  in  the  same  fashion  that  milk  is  brought  to 
London  daily  in  special  trains. 

The  agave  is  useful  to  Mexicans  in  other  ways  than 
supplying  pulque.  An  alcoholic  extract  known  as  “  mescal  ” 
is  distilled  from  its  leaves  and  roots.  Mescal  is  colourless, 
bitter,  and  possesses  a  peculiar  aroma.  It  contains  20  per 
cent,  of  alcohol.  Fibre  from  the  leaves  of  the  agave  is 
used  for  rope-making  and  paper.  The  Aztecs  used  paper 
made  from  the  finer  kinds  of  fibre  for  writing  and  painting. 
The  famous  picture-writing  was  executed  on  paper  of  this 
kind.  Agave  leaves  are  used  for  thatching  huts,  and  the 
stems  and  roots  serve  for  firewood. 

Pulque  is  a  milky  fluid  with  a  specific  gravity  slightly  less 
than  that  of  water.  Its  milkiness  is  due  to  the  presence  of 
suspended  particles  and  yeast  cells ;  when  these  are  pre¬ 
cipitated  by  the  centrifuge,  pulque  becomes  clear  and 
transparent.  According  to  0 ’Gorman  and  Allen,  the  species 
of  yeast  found  in  it  are  SaccJiaromyces  cerevisice  agavicia, 
S.  ellipsoideus.  Bacterium  aceti,  Bacillus  viscosus,  and  B. 
acidi  lactici  can  be  obtained  on  cultivation.  Pulque  has  a 
peculiar,  sour,  and  offensive  odour,  resembling  that  of  rotten 
eggs  or  cheese,  or  a  combination  of  rotten  eggs  and  sour 
milk. 
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The  composition  of  pulque  obtained  by  O’Gorman  and 
Allen  is  the  following  (in  parts  per  1000)  :  Solids,  17*90; 
alcohol,  44*50;  volatile  acid,  0*90;  carbonic  acid,  0*30; 
water,  936*40.  The  solid  constituents  consist  of  gum, 
albuminoids,  phosphoric  acid,  potash,  phosphate  of  magnesia, 
and  calcium. 

The  proportion  of  alcohol  in  pulque  is  a  little  less  than 
that  found  in  alcoholic  drinks  which  come  under  the  title 
of  “  beer.”  For  example,  London  porter  contains  6  per 
cent,  of  alcohol ;  Munich  lager  beer,  5  per  cent. ;  and  pulque, 
4*45  per  cent. 

The  shops  {pulquerias)  where  pulque  is  sold  resemble  in 
many  points  the  old-fashioned  beer-shops  in  England.  They 
are  easily  detected  by  their  odour,  decorations,  and  groups 
of  loungers.  Pulque-shops,  like  beer-houses,  have  signs, 
some  of  which  are  picturesque,  but  the  majority  are  gaudy. 
The  walls  may  be  painted  with  curious  symbolic  pictures 
replacing  our  old-fashioned  sign-boards,  and  in  others  the 
hangings  consist  of  brightly-coloured  paper. 

In  relation  to  the  pulque-shops,  Flandrau,  in  Viva  Mexico, 
refers  to  the  constant  amusement  foreigners  derive  from 
reading  the  signs.  “  A  foul  little  corner  calcimined  sky- 
blue,  with  a  life-sized  lady  reposing  in  a  green  bower  painted 
on  its  finger-marked  exterior,  is  entitled  El  Mdo  de  Amor ; 
or  a  pink  hole  in  the  wall,  that  can  be  seen  for  a  block  and 
smelled  for  two,  is  named  Las  Flores  de  Abril.”  Other  and 
more  appropriate  names  are  El  Infiernito  (The  Little  Hell), 
La  Seductoria,  and  Las  Aves  de  la  Noche  (The  Night  Birds). 

The  name  and  signs  of  pulque-shops  appear  to  have  an 
irresistible  attraction  for  almost  all  who  visit  Mexico  City. 
Many  of  the  signs  in  use  are  those  adopted  by  drinking-shops 
in  London  or  any  English  town ;  among  others,  we  find  The 
Three  Graces,  The  Gladiator,  Adam  and  Eve,  The  White 
Rose,  The  Toad  in  the  Hole.  One  sign.  La  Hermosa  Xochitl 
(Beautiful  Flower),  has  an  interest  in  relation  to  the  discovery 
of  pulque.  It  is  believed  that  pulque  was  discovered  in  the 
latter  half  of  the  eleventh  century  by  Papantzin,  a  kins¬ 
man  of  the  Toltec  King,  Tepancaltzin.  Papantzin  sent  his 
daughter  Xochitl  with  a  sample  to  the  king,  who  appears 
to  have  been  pleased  with  the  fluid  and  charmed  with  the 
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messenger,  for  he  retained  Xochitl  and  placed  her  in  his 
harem.  From  their  union  a  child  was  born  and  named 
Meconetzin,  or  Child  of  the  Maguey.  This  legend  is  illus¬ 
trated  by  a  picture  in  the  National  Picture  Gallery  of  Mexico, 
in  which  Xochitl  is  represented  presenting  a  vessel  of  pulque 
to  the  King  (Fig.  105). 

It  is  a  fact  that  the  Aztecs  were  addicted  to  pulque¬ 
drinking  at  the  time  of  the  Spanish  Conquest,  1519.  The 
Aztecs  acquired  it  from  the  Toltecs.  It  is  said  that  pulque¬ 
drinking  led  to  the  downfall  of  the  Toltecs,  for  it  caused 


Fig.  105. — Xochitl  presenting  pulque  to  the  King. 


them  to  neglect  agriculture,  in  which  they  were  proficient, 
and  they  became  deficient  in  the  art  of  war.  Their  decad¬ 
ence  led  to  the  loss  of  their  possessions,  for  they  were  driven 
away  by  the  first  warlike  tribe  that  came  against  them. 

Pulque  is  described  as  the  national  drink  of  Mexico,  and 
Mexicans  drink  it  as  freely  as  English  husbandmen  drink 
beer.  It  is  not  uncommon  for  a  man  to  swallow  5  or  6  litres 
daily,  and  it  can  be  bought  for  one  penny  a  litre. 

Pulque-drinking  is  confined  to  the  working  classes ;  men, 
women,  children,  and  babies  drink  it  freely,  with  the 
same  sociological  and  physiological  effects  entailed  by 
beer-drinking  in  England.  Most  of  the  acts  of  violence 
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committed  in  Mexico  City  and  Puebla,  two  cities  in  the 
centre  of  the  pulque  industry,  are  attributed  to  pulque 
drunkenness.  The  fact  that  pulque  cannot  be  exported 
limits  its  sphere  of  influence ;  in  order  to  supply  the  drinkers, 
special  trains  convey  the  fluid  to  the  cities,  and  when  a  fresh 
supply  is  delivered  at  the  shops  the  fact  is  announced  for 
the  benefit  of  the  customers,  just  as  in  a  German  beer-garden 
the  Bier-kellner  shouts  ‘‘  Wird  gezapft  ”  to  inform  the  guests 
that  he  is  about  to  tap  a  fresh  barrel.  Many  unsuccessful 
attempts  were  made  to  abolish  the  traffic  in  pulque  by  the 
Spanish  Viceroys  and  Archbishops  during  the  seventeenth 
century.  In  1692  an  edict  for  this  purpose  led  to  a  formid¬ 
able  riot ;  the  Archbishop’s  palace  was  stoned,  and  an 
infuriated  mob  set  fire  to  several  public  buildings.  The 
Mexican  peons  are  so  devoted  to  pulque  that  they  regard  it 
as  a  “  liquor  divine,  which  angels  in  heaven  prefer  to  wine.” 
Pulque-shops  are  under  the  control  of  the  law,  and  are  elosed 
at  six  o’clock.  In  times  of  political  excitement  these  shops 
are  closed  for  the  safety  of  the  city.  Taken  in  moderate 
quantity  the  drink  produces  excitement ;  the  drinkers  then 
become  quarrelsome  and  dangerous.  Intoxication  produced 
by  a  large  quantity  is  followed  by  heavy  sleep.  The  effects 
of  excessive  pulque -drinking  on  the  system  have  been  care¬ 
fully  studied,  and  they  appear  to  be  such  as  are  seen  in  the 
habitual  drunkard  in  Europe.  Aguamiel  has  been  used  as 
a  remedy  for  inflammatory  conditions  of  the  urinary  organs 
by  Mexican  physicians  for  centuries.  To-day  American 
physicians  send  patients  with  Bright’s  disease  to  take  an 
aguamiel  cure  in  Mexico.  The  aguamiel  obtained  from  the 
plain  of  Apam  has  the  greatest  reputation. 

The  pulque  industry  to-day  is  mainly  in  the  hands  of  a 
powerful  trust  company,  and,  though  the  abolition  of  pulque¬ 
drinking  is  impossible,  it  can  be  in  a  measure  controlled. 
This  company  has  initiated  scientifie  investigations  to  ensure 
cleanliness  in  its  manufacture  and  with  the  object  of  depriv¬ 
ing  the  fluid  of  some  of  its  deleterious  products.  In  this 
way  pulque  will  be  rendered  more  wholesome  and  its  pro¬ 
duction  placed  on  a  scientific  basis,  like  beer-brewing  in 
England. 


CHAPTER  XXIX 


THE  MEDICINE  OF  THE  BIBLE 

{Morning  Post,  1914) 

Pestilence  and  Plague 

The  Bible  is  a  very  human  document,  and  deals  with 
every  form  of  human  virtue,  frailty,  and  vice.  In  this 
wonderful  volume  it  is  a  leading  theme  to  regard  disease  as 
a  Divine  punishment,  and  wholesale  outbreaks  of  disease, 
such  as  pestilence  and  plague,  as  special  manifestations  of 
Divine  wrath.  A  great  deal  has  been  written  on  the  ‘‘  Medi¬ 
cine  of  the  Bible,”  but,  beyond  some  isolated  papers  in 
relation  to  special  instances,  little  has  been  done  during  the 
last  twenty-five  years  to  re-examine  the  matter  in  the  light 
of  the  most  recent  discoveries  of  modern  biological  science. 
It  is  not  difficult  to  show  that  in  the  majority  of  instances 
Man  is  largely  responsible  for  the  dissemination  of  disease, 
even  in  those  impressive  manifestations  known  as  pestilence 
and  plague. 

It  is  not  easy  to  make  a  precise  verbal  distinction  between 
pestilence  and  plague,  and  this  is  more  difficult  since  a 
specific  meaning  is  sometimes  attached  to  plague.  In  regard 
to  pestilence,  the  example  which  most  readily  comes  to 
the  mind  is  the  form  of  punishment  chosen  by  David  for  his 
sin  in  numbering  the  people,  “  three  days’  pestilence,”  and 
“  there  died  of  the  people  from  Dan  even  to  Beersheba 
seventy  thousand  men.”  In  the  description  of  the  burnt 
offerings  and  peace  offerings  made  on  Araunah’s  threshing- 
floor  it  is  stated  that  the  plague  was  stayed.  Thus  in  the 
limits  of  a  single  chapter  we  have  the  words  pestilence  and 
plague  applied  to  the  same  outbreak.  This  pestilence,  which 
arose  suddenly,  spread  over  a  country  about  one-fifth  the 
size  of  England,  and  destroying  seventy  thousand  persons 
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in  three  days,  is  unparalleled  for  rapidity  of  spread  in  the 
history  of  epidemics. 

The  greatest  discovery  in  modern  medicine  is  the  detec¬ 
tion  of  the  minute  bodies  which  cause  disease.  We  know 
that  specific  infectious  diseases  are  due  to  micro-organisms 
which  gain  entrance  into  the  body.  Some  are  inhaled, 
others  enter  with  food  and  water,  or  through  abrasions 
of  the  skin,  and  some  are  acquired  by  bodily  contact. 
Among  air-borne  diseases  must  be  included  typhus  fever, 
small-pox,  epidemic  cerebro -spinal  meningitis,  and  influenza. 
Typhus  fever,  “  the  disease  of  the  poor  and  miserable,” 
is  associated  with  human  misery  in  its  worst  forms,  such 
as  lack  of  food,  filth,  overcrowding  in  towns,  dungeons, 
and  the  destitute  camps  of  beaten  armies.  There  is  no 
disease  so  likely  to  attack  those  who  minister  to  the 
sick,  such  as  nurses,  priests,  and  doctors.  It  has  been 
conveyed  unconsciously  to  judges  by  the  wretches  they 
condemned.  Small-pox  has  been  recognised  for  centuries 
as  one  of  the  most  virulent  contagious  diseases  attacking 
people  of  all  countries.  Epidemic  cerebro-spinal  meningitis 
is  the  most  fatal  of  all  acute  diseases,  and  is  due  to  a 
specific  organism  which  enters  the  nervous  system  through 
the  fluid  surrounding  the  delicate  nerve  fibrils  in  the  mucous 
membrane  lining  the  cavity  of  the  nose.  Influenza  is  an  air¬ 
borne  disease,  and  follows  the  tracks  of  caravans,  ships, 
armies,  and  pilgrimages.  The  account  (2  Sam.  xxiv.)  of  the 
three  days’  pestilence  is  not  detailed  enough  to  afford  any 
clue  of  the  nature  of  the  disease,  but  it  is  sufficiently  explicit 
in  regard  to  the  awful  mortality  and  the  rate  of  dissemina¬ 
tion.  The  only  disease  known  to  us  which  spreads  very 
rapidly  is  influenza.  Epidemics  of  this  disease  have  been 
carefully  recorded  from  time  to  time  by  competent  observers 
since  the  twelfth  century.  The  infection  spreads  by  per¬ 
sonal  contact,  and  the  bacillus  which  causes  the  disease  is 
contained  in  the  spray  from  the  nose.  Some  careful  observa¬ 
tions  made  on  the  great  outbreak  in  1889-90  showed  that 
it  required  three  months  to  run  through  England.  It  was 
pandemic  on  this  occasion,  and  took  more  than  a  year  to 
spread  through  the  world.  In  the  description  of  David’s 
pestilence,  which  happened  more  than  three  thousand  years 
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ago,  we  need  not  be  too  particular  in  reading  days  for  months, 
or,  more  probably,  years,  especially  in  the  light  of  what  we 
know  of  modern  plague. 

Bubonic  Plague. — The  epidemic  disease  rife  to-day  in 
India,  which  displays  the  most  extraordinary  virulence,  is 
known  as  pest  or  bubonic  plague.  More  than  70  per  cent, 
of  those  attacked  die.  The  specific  organism  is  a  bacillus 
infecting  rats,  and  conveyed  from  them  to  Man  by  rat  fleas. 
Before  the  special  vector  was  detected,  “the  plague,”  as  it 
has  been  called  for  centuries,  was  known  to  follow  the  lines 
of  commerce.  A  cosmopolitan  disease,  it  has  been  known 
in  India  from  the  very  dawn  of  its  history.  In  the  year  1904 
the  deaths  from  this  scourge  in  that  peninsula  reached  the 
appalling  total  of  l,d^0,429  (Simpson).  There  is  a  remark¬ 
able  and  dramatic  account  of  this  disease  in  1  Sam.  v.  and 
vi.,  which  is  worth  study  in  the  light  of  modern  research, 
and  in  this  instance  the  account  is  more  detailed  than  usual. 
Briefly,  the  story  runs  thus : — 

The  Philistines  in  battle  at  Eben-ezer  captured  the  Ark 
of  the  Covenant,  which  the  Israelites  had  brought  from 
Shiloh  with  the  vain  hope  that  its  presence  on  the  battle¬ 
field  would  save  them  from  the  hands  of  their  enemies.  The 
Philistines  took  the  Ark  to  Ashdod  and  placed  it  in  the  house 
of  their  fish-god,  Dagon.  The  misfortune  which  befel  Dagon 
is  well  known,  and  the  Philistines  were  smitten  with  emerods, 
and  large  numbers  thus  infected  died.  The  Philistines 
moved  the  Ark  to  Gath  and  Ekron ;  in  each  place  the 
plague  broke  out,  and  at  the  end  of  seven  months  they 
returned  the  Ark  to  the  Israelites,  on  a  new  cart,  and 
sent  with  it  a  trespass-offering  consisting  of  votifs  in  gold 
representing  emerods  and  images  of  mice  “  that  mar  the 
land.” 

The  story  of  the  cart  and  the  milch  kine,  the  journey  to, 
and  its  reception  at,  Beth-shemish,  is  so  dramatic  that  it 
impresses  every  one  who  reads  it.  The  sacrifice  of  the  cart 
and  kine  was  followed  by  a  dreadful  calamity,  for  50,070 
Bethshemites  died.  Tidswell  and  Dick  have  recently  recon¬ 
sidered  the  facts  concerning  the  Philistine  epidemic,  and 
believe  it  presented  the  usual  features  of  bubonic  plague 
and  happened  about  3000  years  ago ;  the  actual  date  is 
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probably  1141  b.c.  The  swellings  called  emerods  ”  were 
formerly  regarded  as  haemorrhoids  or  piles,  but  they  were 
enlarged  inguinal  lymph-nodes,  or  plague  buboes,  one  of 
the  commonest  and  most  easily  recognised  manifestations 
of  bubonic  plague.  In  the  Revised  Version  of  the  Bible 
‘‘  tumours  ”  is  substituted  for  emerods.  The  mention  of 
mice  that  “  mar  the  land  ”  is  another  interesting  matter,  for 
they  marred  the  land  not  by  destroying  crops,  as  is  often 
thought,  but  by  their  dead  and  putrefying  bodies,  for  out¬ 
breaks  of  bubonic  plague  cause  great  fatality  amongst  rats, 
and  failing  them  among  mice.  In  countries  where  plague 
occurs  in  epidemic  form  the  disease  is  chronic  in  rats. 
This  matter  has  become  more  significant  now  we  know 
that  the  minute  organism  which  causes  this  terribly  de¬ 
structive  disease  is  conveyed  from  rats  to  man  by  rat 
fleas.  All  Hebrew  authorities  are  unanimous  that  the  word 
translated  “  mice  ”  can  mean  field-mice  and  nothing  else. 
This  does  not  affect  the  argument ;  bacteriologists  have 
ascertained  that  mice  cannot  be  so  readily  infected  as 
rats,  but  the  plague  bacillus  flourishes  in  them,  and,  in 
the  absence  of  rats,  rat-fleas  will  feed  upon  mice,  and 
feed  well  enough  to  infect  themselves  with  bacilli.  In 
addition  to  producing  “  emerods  ”  the  bacillus  pestis  causes 
pneumonia,  and  is  highly  infectious,  spreading  from  man 
to  man  by  aerial  convection.  Thus  among  men  living 
in  close  community,  as  in  armies,  plague  spreads  rapidly. 
It  is  a  reasonable  view  that  Sennacherib’s  army  was  attacked 
by  plague  (2  Kings  xix.  35). 

Dissemination  of  Disease  by  Flies. — The  most  striking 
examples  of  a  series  of  plagues  attributed  to  Divine  wrath, 
but  which  can  be  explained  as  natural  events,  are  the  Plagues 
of  Egypt.  The  first  plague  concerns  a  change  in  the  water 
of  the  Nile,  by  which  it  became  undrinkable  and  the  Ashes 
in  the  river  died.  The  Egyptians  obtained  drinking  water, 
during  the  seven  days  the  water  of  the  Nile  was  polluted, 
by  digging  wells  at  some  distance  from  the  river,  the  sand 
acting  as  a  Alter.  The  frogs  escaped  from  the  unpleasant 
water  and  became  a  nuisance  on  the  land,  invading  the 
houses  of  the  Egyptians.  The  accumulation  of  so  much 
dead  organic  matter  along  the  banks  of  the  river  led  to  a 
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plague  of  flies,  for  they  multiply  upon  organic  refuse  of  every 
kind,  and  if  the  temperature  be  favourable  for  their  develop¬ 
ment,  and  dead  animal  bodies  abundant,  flies  often  become 
a  plague,  for  they  lay  their  eggs  in  carcases  at  the  very  instant 
of  death.  It  is  also  known  that  flies  will  lay  their  eggs  in 
sores  on  living  animals,  the  fly-disease  of  sheep  being  an 
example  of  their  activity.  The  unprotected  wounds  of 
soldiers  left  unaided  on  battlefields  are  occasionally  occupied 
by  maggots.  Modern  medical  writers  recognise  the  part 
played  by  flies  in  the  dissemination  of  disease.  It  is  proved 
that  they  convey  disease-producing  germs  to  milk,  infect 
wounds,  and  spread  infectious  eye  diseases,  especially  in  hot 
countries.  One  of  the  most  extraordinary  plagues  known 
to  us  is  the  sleeping-sickness,  which  has  raged  to  such  an 
extent  in  Uganda  that  many  thousands  of  the  inhabitants 
have  died  and  many  of  the  fertile  islands  of  the  Victoria 
Nyanza,  as  well  as  the  neighbouring  country,  have  become 
wildernesses.  It  has  been  discovered  that  the  vector  of  this 
disease  is  a  biting  fly  known  as  the  tsetse  fly.  It  is  recognised 
that  there  are  several  species  of  biting  flies ;  some  bite  and 
infect  Man,  some  infect  horses  and  cattle,  and  others  bite 
camels.  That  flies  convey  disease  to  animals  as  well  as  Man 
is  instructive,  because  the  sixth  plague  is  described  as  a  very 
grievous  murrain  upon  the  horses,  asses,  camels,  oxen,  and 
sheep.  Murrain  is  a  general  name  for  a  plague  affecting 
domesticated  animals,  and  it  is  easy  to  appreciate  that 
Egypt,  abounding  in  filth,  and  an  unusual  fatality  among  the 
fishes  and  frogs,  provided  abundant  breeding-places  for  flies, 
these  insects  conveying  all  kinds  of  disease-producing  germs 
to  living  creatures,  including  Man.  The  murrain  among  the 
beasts  was  followed  by  an  outbreak  of  boils  and  blains  “  upon 
man  and  upon  beast.”  Bacteriologists  have  determined  that 
boils  are  due  to  infection  from  specific  microbes,  which  are 
conveyed  by  air,  dust,  flies,  clothes,  and  personal  contact. 
But  boils  and  blains  as  we  know  them,  though  troublesome 
and  annoying,  are  trifling  complaints.  An  outbreak  of  boils 
and  blains  of  such  severity  as  to  deserve  record  must  have 
been  widespread.  Some  attempts  have  been  made  to  identify 
this  sixth  plague  with  small-pox ;  this  loathsome  disease  is 
endemic  in  the  East,  and  is  attended  with  a  high  mortality. 
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The  Mosaic  record  makes  no  reference  to  death  resulting 
from  this  plague. 

It  seems  almost  incredible  to  associate  the  tenth  Egyptian 
plague  with  flies,  but  recent  investigations  into  the  common 
house  fly’s  relation  to  disease  makes  this  sequence  probable. 
It  has  been  proved  that  flies  convey  the  germs  of  typhoid 
on  their  bodies  and  legs.  It  is  also  true  that  flies  are  con¬ 
veyors  of  ophthalmia,  cholera,  tuberculosis,  swine-fever, 
and  perhaps  small-pox.  They  also  spread  the  deadly  sum¬ 
mer  diarrhoea  of  children,  a  disease  very  common  in  crowded 
cities. 

Dr.  E.  H.  Ross  has  stated  that,  in  1909,  when  he  was 
Health  Officer  of  Cairo,  the  summer  was  ushered  in  by  a  heat 
wave  on  May  1,  and  the  temperature  rose  to  102°  Fahr.  in 
the  shade.  Fourteen  days  later  the  greatest  plague  of  flies 
ever  remembered  appeared  in  the  city.  Food,  milk,  and 
fruit  were  contaminated  by  them.  Illness  and  death  ap¬ 
peared  among  the  children,  and  in  two  months  3000  children 
under  five  years  died  of  enteritis.  The  sequence  of  the 
plagues  fits  in  with  the  opinion  that  the  death  of  the  children 
was  caused  by  contamination  of  milk,  food,  and  fruit  by 
flies.  Pathogenic  micro-organisms  must  have  been  abundant 
when  Egypt  was  scourged  by  a  murrain  among  beasts  and 
by  boils  and  blains  on  the  inhabitants. 

Moses  was  keenly  alive  to  the  importance  of  sanitary 
arrangements ;  certainly  no  one  can  live  in  Egypt  to-day, 
where  plagues  very  similar  to,  but  on  a  smaller  scale  than, 
those  described  in  Exodus,  are  rife,  without  appreciating 
the  importance  of  the  very  explicit  rules  contained  in  two 
verses  (Deut.  xxiii.  12,  13)  in  regard  to  the  prompt  burial  of 
organic  refuse  and  excrement,  favourite  media  for  the  deposit, 
incubation,  and  development  of  disease-disseminating  insects. 
It  is  a  fair  inference,  after  the  dust  storm,  which  not  only 
made  the  water  of  the  Nile  undrinkable,  but  killed  the  fishes, 
that  the  dead  bodies  of  the  aquatic  animals  should  serve  as 
breeding-places,  and  enable  clouds  of  winged  insects  to  hatch 
out.  It  was  a  natural  sequence,  judging  from  what  modern 
zoology  and  bacteriology  have  taught  us  concerning  the 
mode  of  spread  of  disease-producing  germs,  that  murrain, 
boils,  and  blains  should  have  been  rife  in  Egypt  when  Moses 
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was  worrpng  the  Court  of  Pharaoh.  They  are  rife  to-day  in 
Lower  Egypt,  in  Upper  Egypt,  and  in  the  Sudan.  The 
diseases  mentioned  in  Exodus  as  resulting  from  the  plagues 
were  manifested  by  lesions  obvious  to  the  eye,  like  boils  and 
blains ;  we  can  well  understand  that  the  minds  of  men 
governed  by  priests,  magicians,  and  sorcerers  were  easily 
influenced  to  believe  that  great  calamities  were  due  to  visita¬ 
tions  of  gods.  In  days  not  so  long  ago  men  believed  that 
infections,  plague,  and  pestilence  were  conveyed  by  an  unseen 
agent  like  the  wind,  or  by  winged  messengers,  angels — 
messengers  of  wrathful  gods ;  but  it  was  deferred  to  the  latter 
half  of  the  nineteenth  century  for  men  to  learn  that  plague 
is  conveyed  in  darkness  and  in  stealth  by  unsuspected  mes¬ 
sengers  to  Man  and  beast — by  lice,  ticks,  bugs,  and  fleas. 
The  winged  messengers  which  carry  endemic,  death-dealing 
diseases  to  mankind  are  not  angels,  but  common  things  like 
mosquitoes  and  flies. 
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MEDICINE  OF  THE  BIBLE  {contmued) 

Leprosy 

Of  all  the  diseases  mentioned  in  the  Bible  none  is  referred 
to  so  frequently,  or  excites  such  loathing  and  compassion, 
as  leprosy.  Much  has  been  written  concerning  the  identity 
of  Levitical  leprosy  with  the  dreadful  disease  known  to 
us  as  leprosy,  but  in  spite  of  much  study,  especially  from 
the  philological  point  of  view,  the  utmost  difference  of 
opinion  prevails.  In  this  article  leprosy  will  be  considered 
from  the  pathological  aspect,  for  the  signs  of  the  disease 
described  in  Lev.  xiii.  and  xiv.  do  not  accord  with  those 
presented  by  lepers  as  we  know  them  to-day.  Leprosy 
is  one  of  the  oldest  diseases  known ;  it  was  recognised  in 
Egypt  some  three  or  four  thousand  years  before  the  birth 
of  Christ.  It  was  very  common  in  Europe  in  the  Middle 
Ages,  and  leper  asylums  existed  over  the  Western  Continent 
by  thousands.  To-day  the  chief  localities  of  leprosy  in 
Europe  are  Iceland,  Sweden,  Norway,  and  Russia.  It  is 
fearfully  prevalent  in  the  East  (India  contains  at  the  present 
time  over  100,000  lepers),  in  some  of  the  South  Sea  Islands, 
in  parts  of  South  Africa,  including  Basutoland,  and  the 
West  Indies.  In  the  Middle  Ages  leprosy  became  widely 
diffused  over  Europe,  and  in  such  countries  as  France, 
England,  Germany,  and  Spain  there  were  many  leper- 
houses  wherein  leprous  patients  were  segregated.  In 
Europe  during  the  fifteenth  century  the  disease  diminished 
remarkably,  but  it  existed  in  the  Shetland  Isles  till  the 
middle  of  the  eighteenth  century  (Sir  James  Simpson). 
Leprosy  exists  to-day  in  Paris,  where  during  the  last  half- 
century  it  has  increased  from  50  to  300  cases.  It  was 
supposed  that  leprosy  was  introduced  into  Greece  from 
Egypt  by  traders ;  later  Pompey’s  troops  conveyed  it  into 
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Italy,  and  the  Roman  legions  distributed  it  in  Southern 
Europe.  The  introduction  of  the  disease  into  England  is 
ascribed  to  Crusaders  returning  from  the  East.  Segre¬ 
gation  of  lepers  is  a  time-honoured  practice,  and  they  were 
dealt  with  sternly.  A  thrill  of  compassion  stirs  most  of 
us  on  reading  the  Levitical  regulation  regarding  a  person 
pronounced  leprous  by  the  priest,  The  leper  in  whom  the 
plague  is,  his  clothes  shall  be  rent,  and  his  head  bare,  and 
he  shall  put  a  covering  upon  his  upper  lip,  and  shall  cry. 
Unclean,  unclean,”  and  then  he  dwelt  outside  the  camp. 
This  was  not  so  severe  as  the  measures  enforced  in  some 
Christian  countries,  where  lepers  were  compelled  to  wear  a 
special  dress,  to  use  a  clapper  when  passing  along  the  roads, 
and  were  forbidden  to  drink  from  public  fountains,  to 
touch  children,  or  to  eat  with  any  person  other  than  a 
leper.  The  priests  in  ancient  days  must  have  had  some 
rule-of-thumb  method  for  dealing  with  patients  suspected 
of  leprosy,  because  to-day,  with  our  modern  methods,  there 
is  often  great  difficult}^  in  the  diagnosis  of  leprosy ;  the  only 
reliable  test  is  a  bacteriological  examination  for  the  purpose 
of  detecting  the  specific  agent  known  as  the  bacillus  leprce, 
or  Hansen’s  bacillus.  If  this  be  true  to-day,  it  is  quite 
certain  that  many  persons  were  turned  out  of  the  camp 
of  the  Israelites  on  the  mere  suspicion  that  they  were 
lepers.  The  few  often  suffer  for  the  advantage  of  the 
many.  Some  writers  who  have  carefully  studied  the 
question  of  the  Mosaic  classification  of  camp  diseases  in¬ 
dicate  that  it  was  extremely  simple,  for  all  acute  disorders 
were  called  plagues,  and  chronic  disorders,  with  any  sort 
of  skin  eruption,  were  styled  leprosy. 

The  disease  known  to  us  as  true  leprosy  (Elephantiasis 
Grcecorum)  is  described  as  a  general  disease  caused  by  a 
micro-organism,  bacillus  leprce,  which  produces  character¬ 
istic  lesions  in  skin,  mucous  membrane,  and  nerves.  The 
mode  of  infection  is  unknown.  It  was  long  believed  that 
the  disease  entered  the  system  through  the  nose,  because 
the  nasal  mucous  membrane  became  affected  very  early. 
Some  observers  thought  that  the  disease  was  communi¬ 
cated  by  intimate  bodily  contact,  and  others  considered 
that  it  could  be  conveyed  by  air,  dust,  water,  or  food. 
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Later  observations  have  raised  suspicions  that  the  bacilli 
are  conveyed  by  insect  pests,  such  as  lice,  sand-flies,  fleas, 
and  bugs.  In  relation  to  bed-bugs  as  probable  conveyors 
of  the  leprosy  bacillus,  it  is  proved  experimentally  that 
when  bed-bugs  have  fed  on  a  leper,  leprosy  bacilli  are 
present  not  only  in  the  alimentary  canal,  but  in  the  various 
fluids  of  the  bugs.  Dr.  Long  (Basutoland)  reported  the 
case  of  a  native  who  came  from  a  village  free  from  leprosy 
and  who  had  no  family  history  of  leprosy.  After  spending 
a  night  at  a  hut  fifty  miles  distant,  from  which  the  solitary 
leper  of  the  district  had  been  recently  expelled,  and  being 
severely  bitten  during  the  night  by  bed-bugs,  within  a  year 
he  developed  the  disease.  If  these  insects  do  transmit  the 
disease,  as  suggested,  they  are  probably  only  one  of  a  number 
of  carriers.  A  peculiar  leprosy-like  disease  occurs  in  rats, 
and  the  lesions  contain  bacilli  closely  resembling  Hansen’s 
bacillus.  It  is  reported  that  5  per  cent,  of  the  rats  in  the 
sewers  of  Paris  have  this  malady.  There  were  no  means 
of  ascertaining  whether  nodular  diseases  of  animals  were 
really  leprous  until  the  discovery  of  the  hacillus  leprce 
furnished  investigators  with  a  criterion  of  the  disease.  As 
there  is  no  positive  knowledge  of  the  actual  method  of 
contagion,  any  suggestion  as  to  the  period  of  incubation 
of  the  disease  is  unreliable.  Physicians  attached  to  leper 
hospitals  recognise  certain  skin  rashes  among  the  earliest 
manifestations  of  leprosy,  but  the  first  positive  signs  are 
small  nodules  on  the  soft  palate,  and  then  by  slow  degrees 
other  parts  become  affected,  such  as  the  skin  covering  the 
nose,  lips,  and  ears.  Modern  investigations  of  the  disease 
show  that  the  bacilli  are  disseminated  through  the  body, 
and  appear  to  settle  mainly  in  the  skin  or  in  the  nerves. 
Leprosy  shows  a  great  tendency  to  involve  the  eyelids 
and  the  tissues  of  the  eye.  The  slow  and  persistent  way  in 
which  this  disease  destroys  the  eyes  is  one  of  its  most  obvious 
features.  The  hands  and  feet  are  often  attacked,  and  this 
leads  to  thickening  of  the  skin  covering  the  fingers  and 
toes,  deforming  them.  The  deformity  produced  in  the 
hands  and  feet  is  peculiar  to  leprosy.  Kipling  describes 
the  altered  condition  of  the  hands  and  feet,  as  if  the  Creator 
had  outlined  a  man  in  pencil  and  then  smudged  out  the 
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ends.  The  chronicity  of  leprosy  is  one  of  its  most  re¬ 
markable  features. 

There  was  a  man  in  the  Leper  Hospital  at  Jerusalem 
who  had  been  leprous  forty  years,  and  in  1912  a  woman  in 
the  hospital  at  Bergen  who  had  been  a  leper  fifty  years ; 
her  face  had  been  destroyed  by  the  disease.  Only  those 
who  have  been  in  close  contact  with  lepers  contract  the 
disease,  persons  who  minister  to  them  are  rarely  infected. 
The  signs  of  leprosy,  as  we  know  them,  have  been  given 
in  some  detail,  for  the  purpose  of  showing  that  its  mani¬ 
festations,  when  well  established,  are  so  striking  that  the 
least  observant  would  be  impressed  by  them,  yet  in  the 
Pentateuch  no  mention  is  made  of  blind  lepers  or  lame 
lepers,  two  conditions  which  always  excite  pity,  compassion, 
and  almsgiving. 

The  term  leprosy  in  the  Mosaic  books  is  used  in  a  generic 
sense,  and  included  many  forms  of  curable  skin  diseases. 
The  method  of  isolating  suspected  cases  and  allowing  time 
to  settle  the  diagnosis  is  admirable.  Even  to-day  the 
isolation  of  infectious  cases  is  the  best  preventive  treat¬ 
ment.  In  all  probability  the  High  Priest,  who  was  also 
the  medical  officer,  regarded  persons  with  chronic  and  in¬ 
curable  forms  of  skin  disease  as  lepers,  and  turned  them  out 
of  the  camp.  The  restrictions  placed  on  lepers  were  severe 
and  strictly  enforced.  There  is  one  instance  mentioned 
in  which  a  king  was  attacked  with  leprosy — Uzziah  or 
Azariah ;  he  was  isolated,  and  died  in  a  several  (lazar) 
house  (2  Kings  xv.  5,  and  2  Chron.  xxvi.  21).  The  evidence 
in  the  Bible  is  sufficient  to  show  that  this  disease  is  no 
respecter  of  persons,  for  it  attacked  kings,  warriors  (Naaman), 
women  (Miriam),  as  well  as  beggars.  In  attempting  to 
account  for  every  reference  to  leprosy  mentioned  in  the 
Old  Testament  narrative,  commentators  have  attempted 
too  much.  When  Moses  was  rehearsing  at  Horeb  the  feats 
which  he  was  to  perform  before  Pharaoh,  he  put  his  hand 
into  his  bosom  and  took  it  out  “  leprous  as  snow  ”  ;  he  put 
his  hand  into  his  bosom  again,  it  became  normal  (Exod.  iv. 
6).  Moses  at  the  time  of  this  Theophany  was  not  quite 
sure  of  himself,  for  when  the  rod  which  he  threw  on  the 
ground  became  a  serpent,  it  frightened  him,  but  he  was  no 
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longer  stage  struck  ”  when  he  came  to  the  contest  with 
the  sorcerers  in  Pharaoh’s  presence.  If  we  keep  these  things 
in  mind,  it  seems  unnecessary  to  interpret  the  nature  of 
the  leprous  change  in  his  hand  in  the  strict  terms  of  modern 
medicine.  These  remarks  are  equally  applicable  to  Miriam’s 
leprosy  and  the  disease  inflicted  on  Gehazi  for  his  cupidity. 
The  latter  is  even  more  inexplicable,  because  it  is  the  only 
reference  anywhere  in  the  Bible  that  leprosy  was  a  disease 
which  could  be  transmitted,  and  there  is  no  evidence  avail¬ 
able  which  shows  that  the  children  of  lepers  inherit  the 
disease.  The  most  critical  study  of  the  Old  Testament 
narrative  is  interesting  in  another  particular.  There  is 
little  to  support  the  suspicion  that  any  of  the  manifesta¬ 
tions  classed  under  the  head  of  leprosy  could  be  attributed 
to  syphilis,  to  caiicer,  or  to  tuberculosis ;  this  is  remark¬ 
able,  for  the  diseases  leprosy,  tuberculosis,  syphilis,  and 
cancer  are  cosmopolitan,  but  there  is  clear  evidence  that 
some  of  the  ulcers  regarded  as  leprous  by  the  priests  healed 
spontaneously.  This  evidence  occurs  in  Lev.  xiii.,  a  re¬ 
markable  chapter  on  the  Diagnosis  of  Leprosy.  Verse  13 
runs  thus : — 

“Then  the  priest  shall  consider;  and,  behold, 
if  the  leprosy  have  covered  all  his  flesh,  he  shall 
pronounce  him  clean  that  hath  the  plague ;  it  is 
all  turned  white ;  he  is  clean.” 

The  meaning  of  this  is  clear  to  a  surgeon.  When  an  ex¬ 
tensive  ulcer  of  the  skin  heals,  the  scar  is,  for  a  time,  pink ; 
gradually  the  pinkness  disappears  as  the  scar  contracts, 
and  becomes  at  last  colourless — white.  This  is  a  sure  sign 
that  the  ulcer  has  soundly  healed. 

Of  all  the  particular  inflictions  of  leprosy  mentioned  in 
the  Old  Testament,  the  case  of  Uzziah  (2  Chron.  xxvi. 
19-21)  is  of  striking  interest.  The  story  is  dramatic. 
Uzziah  succeeded  his  father  Amaziah  as  King  of  Judah 
at  the  age  of  sixteen,  and  reigned  fifty-two  years.  He  was  a 
successful  warrior,  and  eventually  had  an  army  of  over  three 
hundred  thousand  men,  well  armed  and  well  trained.  Not 
content  with  military  power,  he  attempted  to  usurp  the 
privilege  of  the  hereditary  priesthood,  “  and  went  into  the 
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temple  of  the  Lord  to  burn  incense  upon  the  altar  of  in¬ 
cense,”  but  the  priest  Azariah  and  eighty  priests  went  into 
the  temple  to  turn  him  out.  During  the  struggle  the  King 
became  wroth  with  the  priests,  and  leprosy  rose  up  in  his 
forehead,  and  the  priests  used  this  as  an  additional  pretext, 
and  turned  him  out  of  the  temple.  The  priestly  revenge 
was  complete ;  being  a  leper,  Uzziah  dwelt  in  a  several  house 
until  the  day  of  his  death.  A  careful  consideration  of  the 
account  suggests  that  Uzziah  had  a  small,  inconspicuous 
sore  on  his  forehead.  He  became  excited  when  the  priests 
attempted  to  turn  him  out  of  the  temple,  and  this  made 
the  sore  obvious,  and  they  were  clever  enough  to  declare 
him  leprous.  The  sore  was  possibly  akin  to  the  disease 
known  to  us  as  rodent  ulcer ;  this  often  begins  as  a  small 
ulcer  on  the  forehead,  especially  near* the  bridge  of  the 
nose  or  in  the  angle  between  the  nose  and  eyelids.  Left 
to  itself  the  ulcer  never  heals,  but  slowly  and  surely  spreads 
over  the  face,  destroying  nose  and  eyes,  and  in  some  cases 
leads  to  destruction  of  the  bone  of  the  skull  and  exposure 
of  the  brain. 

The  most  appalling  feature  of  leprosy  is  the  fact  that  no 
specific  treatment  has  been  found.  The  disease  is  incurable. 

In  Europe  leprosy  diminished  greatly  during  the  fifteenth 
century  without  any  recognised  cause,  but  its  decline  was 
coincident  with  a  great  increase  in  syphilis.  One  disease 
tramples  out  another.  In  the  vegetable  world,  grass,  and 
what  we  call  weeds  and  the  Bible  tares,  choke  the  nobler 
plants.  When,  from  accidental  causes,  weeds  are  held  in 
check,  the  suppressed  plants  revive  and  flourish  again. 
It  was  a  great  discovery  to  detect  the  part  played  by  in¬ 
sects  as  unconscious  pimps  in  the  fertilisation  of  flowers. 
No  one  doubts  that  the  disappearance  of  many  species  of 
flowering  plants  depends  not  merely  on  favouring  con¬ 
ditions  of  weather,  but  on  the  abundance,  or  the  scarcity, 
of  the  insects  that  carry  the  precious  pollen  from  flower  to 
flower  of  the  same  species  of  plant.  Disease  supplies 
parallels. 
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MEDICINE  OF  THE  BIBLE  (continued) 

Diseases  of  the  Nervous  System 

Some  of  the  most  appalling  expressions  of  disease  are 
associated  with  the  nervous  system,  especially  in  those 
forms  which  are  accompanied  by  defects  of  the  mind. 
There  are  many  references  in  the  Bible  to  nervous  dis¬ 
orders  of  various^  and  widely  different  kinds.  Modern 
pathological  science  has  discovered  the  cause  of  many 
kinds  of  insanity  in  children  which  were  formerly  attri¬ 
buted  to  intermarriage  with  relations,  diseases  of  the 
parents,  or  the  influence  of  the  moon.  We  know  that 
certain  forms  of  idiocy  depend  on  defects  of  particular 
organs  of  the  body,  of  which  one  of  the  most  remarkable 
is  cretinism,  caused  by  deficient  development  of  the  thyroid 
gland ;  others  are  due  to  imperfections  in  the  formation 
of  the  skull,  and  some  to  injury  incurred  during  birth. 
In  infancy  and  childhood  micro-organisms  are  active  in 
producing  acute  disease  of  the  nervous  system,  such  as 
tuberculous  meningitis,  and  the  peculiar  infection  of  the 
spinal  cord  which  so  often  produces  the  incurable  lameness 
known  as  infantile  paralysis.  Some  of  these  microbes  are 
so  extremely  small  that  they  are  invisible  to  the  highest 
powers  of  the  microscope.  Ultra-microscopic  organisms  are 
regarded  by  competent  pathologists  as  the  cause  of  wide¬ 
spread  disease  in  animals  as  well  as  Man.  In  many  children 
described  as  lame  from  birth  the  seat  of  the  trouble  is  in 
the  spinal  cord.  Lameness  which  is  not  obvious  until 
children  begin  to  walk  is  often  attributed  to  injuries  the 
result  of  carelessness  on  the  part  of  nurses.  Individuals 
lame  from  birth  are  found  in  almost  every  Poor  Law  in¬ 
firmary  throughout  the  land,  and  especially  in  institutions 
provided  for  children  with  incurable  diseases.  Cripples 
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are  well  looked  after,  though  they  cannot  expect  the  con¬ 
sideration  which  King  David  extended  to  Mephibosheth, 
who  was  lame  on  both  his  feet  in  consequence  of  being 
dropped  by  his  nurse  in  a  hasty  flight  (2  Sam.  iv.  4).  When 
David  received  this  lame  son  of  his  great  friend,  Mephibo¬ 
sheth  says,  “  What  is  thy  servant,  that  thou  shouldst  look 
upon  such  a  dead  dog  as  I  am  ?  ”  The  grim  humour  of  this 
verse  illustrates  the  depressed  condition  of  those  who  are 
so  unfortunate  as  to  be  incurably  lame  from  childhood. 

Insanity  in  many  forms  is  mentioned  in  the  Bible.  There 
is  the  simple  and  transient  condition  known  as  delirium, 
the  frequent  complication  of  fever.  Dehrium  is  often 
associated  with  high  fever,  especially  in  pneumonia  and 
rheumatic  fever.  Other  causes  of  delirium  are  drugs, 
opium,  Indian  hemp,  and  alcohol.  The  condition  of  merri¬ 
ment  induced  by  wine  is  occasionally  mentioned  in  the 
Old  Testament.  The  drunkenness  of  Belshazzar,  and 
the  shock  which  sobered  him  when  the  handwriting  on  the 
wall  was  interpreted  to  him  by  Daniel,  is  a  story  almost  as 
familiar  as  that  of  the  simple  life  of  our  first  parents  in  the 
Garden  of  Eden.  Belshazzar’s  vision  has  furnished  artists, 
poets,  and  political, satirists  with  a  subject  for  many  genera¬ 
tions.  Too  much  wine  made  Holof ernes  sleepy,  so  sleepy, 
in  fact,  that  the  charms  of  Judith  were  lost  upon  him ;  his 
sleepiness  cost  him  his  head,  and  this  murder  furnished 
the  Old  Masters  with  a  favourite  subject  for  their  canvas. 
The  ability  of  wine  to  steal  men’s  brains  explains  much 
immorality,  of  which  certain  acts  accredited  to  Noah  and 
Lot  are  conspicuous  examples.  Records  of  the  Police 
Courts  of  London  furnish  evidence  of  similar  acts  com¬ 
mitted  by  irresponsible  drunken  individuals,  some  of  the 
dehnquents  being  intellectual  and  others  grossly  ignorant 
men.  There  is  a  tendency  in  inflicting  legal  punishment 
on  persons  who  break  moral  or  criminal  laws  whilst  drunk 
to  regard  them  as  not  responsible  for  their  actions ;  this 
is  a  reflection  of  the  temperament  of  the  ancient  Greeks, 
who  regarded  troubles  arising  from  drunkenness  as  scourges 
which  the  gods  make  out  of  the  pleasant  vices  of  men. 
In  regard  to  alcohol,  it  may  be  truly  stated  that  in  countries 
where  strong  drink  is  endemic  its  insidious  influences  on 
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the  morality,  welfare,  and  health  of  the  inhabitants  are  as 
disastrous  as  the  plague.  Among  the  causes  swelling  the 
lists  of  criminal  tribunals  and  filling  lunatic  asylums,  which 
in  a  sense  have  replaced  the  leper  asylums  abounding  in 
Europe  during  the  Middle  Ages,  chronic  alcoholism  holds 
a  foremost  place. 

The  most  distressing  cases  of  insanity  are  those  arising 
from  disease  of  the  cerebrum,  which  is  the  part  of  the  brain 
concerned  in  volition.  Some  of  the  disturbances  take  the 
form  of  mania,  with  its  delusions,  exaltations,  and  hallucina¬ 
tions  ;  dementia  and  melancholia.  Many  forms  of  insanity 
are  surrounded  with  mystery,  because,  with  all  the  resources 
of  modern  medical  science,  the  most  obvious  defects  of  the 
mind  are  not  associated  with  detectable  changes  in  the 
minute  structure  of  the  volitional  centres  of  the  brain. 
There  is  a  remarkable  form  of  insanity,  known  as  general 
paralysis  of  the  insane,  very  prevalent  among  intellectual 
men  in  large  cities.  This  condition  was  attributed  to 
worry,  drink,  and  syphilis.  During  the  last  twenty  years 
many  able  alienists  became  convinced  that  syphilis  was 
reall}^  responsible  for  this  dreadful  mental  perversion. 
Since  Schaudinn  discovered  the  spirochcete,  the  cause  of 
syphilis,  many  expert  investigators  have  endeavoured  to 
find  the  parasite  in  the  brain  of  general  paralytics.  Even¬ 
tually  a  Japanese  bacteriologist,  H.  Noguchi,  working  in 
the  Rockefeller  Institute,  not  only  detected  the  spirochcete 
in  the  brain  of  men  and  women  dying  from  general  paralysis, 
but  succeeded  in  cultivating  it  outside  the  body,  and  con¬ 
vinced  the  medical  world  in  general  of  the  truth  of  his 
findings. 

There  is  another  disease  which  in  past  times  has  been 
particularly  associated  with  religious  revivals ;  it  is  popu¬ 
larly  known  as  St.  Vitus’s  dance,  or  chorea.  Those  who 
have  studied  this  disease  have  been  satisfied  that  it  is 
caused  by  undue  stimulation  of  the  brain,  which  excites 
excessive  and  purposeless  action  of  the  voluntary  muscles. 
Researches  into  the  cause  of  the  disease  have  shown  that 
it  is  due  to  the  irritation  of  the  centres  in  the  brain  which 
initiate  motor  impulses,  the  irritant  microbes  being  those 
which  cause  rheumatic  fever,  carried  to  the  brain  by  the 
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blood.  This  is  an  important  observation,  because  it  was 
formerly  believed  that  these  peculiar  dancing  movements 
were  prompted  by  excessive  religious  enthusiasm. 

Considering  the  frequent  references  in  the  Bible  to  de¬ 
rangement  of  the  mind,  it  is  strange  that  there  are  so  few 
examples  of  suicide  recorded  in  it.  In  English  Courts  of 
Law  it  is  customary  to  regard  a  man  who  takes  his  own 
life  as  one  temporarily  insane;  a  madman  who  commits  a 
murder  is  held  to  be  irresponsible  for  the  act  and  is  not 
put  to  death  judicially,  but  kept  in  confinement  during  the 
King’s  pleasure  and  treated  as  a  lunatic.  The  clearest 
example  of  suicide  is  that  of  the  conspirator  Ahithophel, 
who  hanged  himself,  probably  in  a  fit  of  depression  on 
finding  that  he  had  been  outwitted  by  Hushai  in  the  coun¬ 
selling  of  Absalom.  The  most  striking  and  pathetic  example 
of  homicidal  mania  is  that  of  Saul;  in  the  classification 
adopted  by  modern  writers  on  lunacy  the  mental  affection 
of  the  first  King  of  Israel  would  be  called  “  persecution 
mania,”  and  its  symptoms  were  strongly  marked  in  Saul, 
for  he  twice  attempted  David’s  life  in  a  frenzy;  he  also 
tried  to  kill  Jonathan,  and  in  the  end,  when  defeated  in 
battle,  took  his  own  life  on  Mount  Gilboa.  Few  suicides 
have  given  rise  to  such  an  impressive  lamentation  as  David 
poured  out  over  Saul  and  Jonathan,  and  few  passages  in 
the  Bible,  save  the  Sermon  on  the  Mount,  are  more  fre¬ 
quently  quoted  than  that  noble  elegy  (2  Sam.  i.  19-27). 
The  madness  of  Nebuchadnezzar  has  caused  much  specu¬ 
lation,  but  when  we  remember  that  madmen  were  treated 
as  wild  beasts,  confined  in  sheds,  chained  to  posts  like 
dogs,  given  straw  to  sleep  on,  and  regarded  with  horror 
by  their  friends,  is  it  a  matter  for  surprise  that,  with  un¬ 
shorn  hair,  unwashed  skin,  and  uncut  nails,  they  resembled 
beasts  rather  than  men  ?  The  sympathetic  and  humane 
treatment  of  the  insane  is  a  recent  development. 

It  has  been  common  in  all  ages  to  regard  any  sudden 
mental  or  bodily  infliction  for  which  no  definite  cause 
could  be  ascribed  as  being  due  to  the  Deity.  Take,  for 
example,  sudden  death,  against  which  we  pray  in  the 
Litany.  The  three  great  visible  signs  of  life  are  bodily 
heat,  breathing,  and  the  beating  of  the  heart.  The  last 
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to  fail  is  the  heart — the  first  to  live  and  the  last  to  die. 
Probably  there  is  no  fact  in  animal  physiology  so  pro¬ 
foundly  interesting  as  the  muscular  organ  called  the  heart, 
for  it  makes  a  complicated  and  deliberate  beat  on  an  average 
eighty  times  each  minute,  with  little  variation,  it  may  be 
for  a  century,  yet,  if  it  fails  to  beat  for  half  a  minute,  the 
individual  certainly  dies.  The  sudden  and  complete  arrest 
of  the  beating  of  the  heart  is  attended- with  instantaneous 
death.  Dissolution  in  this  impressive  way  used  to  puzzle 
physicians,  and  it  was  customary  for  a  coroner’s  jury  to 
return  a  verdict  in  such  cases  “  Death  by  the  visitation  of 
God,”  until  the  careful  investigation  of  the  tissues  of  the 
heart  by  means  of  the  microscope  proved  that,  in  the 
greater  number  of  cases,  its  muscular  elements  are  in  a 
condition  known  as  fatty  degeneration. 

Epilepsy. — The  results  of  investigations  into  the  cause 
of  general  paralysis  of  the  insane  and  of  St.  Vitus’s  dance, 
erroneously  attributed  to  religious  zeal,  lead  us  to  hope  that 
some  day  a  pathological  basis  will  be  found  for  that  dis¬ 
tressing  malady,  epilepsy,  or  falling  sickness.  This  is  a 
disease  which,  on  account  of  the  sudden  nature  of  the 
seizure  and  the  accidents  to  which  it  renders  epileptics 
liable,  has  been  described  as  due  to  devils,  or  demons,  entering 
into  them.  A  common,  painful,  and  often  fatal  accident 
which  besets  epileptics  is  tersely  set  forth  in  the  verse  which 
runs  :  “  Lord,  have  mercy  on  my  son;  for  he  is  lunatick, 

and  sore  vexed ;  for  ofttimes  he  falleth  into  the  fire  and 
oft  into  the  water  ”  (Matt.  xvii.  15).  Many  epileptics  are 
brought  to  an  untimely  end  by  accidental  burning  and 
drowning.  Some  of  the  most  obvious  signs  of  epilepsy  are 
described  by  the  man  who  cried  to  Jesus  on  the  day  after 
His  Transfiguration  to  look  upon  his  son,  averring  :  “  And 
lo,  a  spirit  taketh  him,  and  he  suddenly  crieth  out ;  and 
it  teareth  him  that  he  foameth  again,  and  bruising  him 
hardly  departeth  from  him  ”  (Luke  ix.  39).  The  con¬ 
sternation  excited  by  these  fits  in  the  minds  of  onlookers 
causes  epileptics  to  be  venerated  in  some  countries ;  •  even 
in  ancient  Rome,  if  a  person  were  seized  with  epilepsy  in 
the  forum,  it  was  considered  an  ill  omen,  and  business  was 
suspended  for  the  day. 
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Long  before  the  dawn  of  Christianity  mankind  believed 
that  epilepsy  was  caused  by  evil  spirits  entering  men  and 
women,  and  the  skulls  of  epileptics  were  trephined  to  afford 
incarcerated  evil  spirits  a  chance  of  escaping. 

According  to  a  new  translation  of  the  difficult  cunei¬ 
form  text  of  the  Annals  of  Ashur-bani-pal,  King  of  Assyria, 
describing  the  illness  of  Teumman,  King  of  Elam,  with  whom 
the  Mesopotamians  were  at  war,  Teumman’s  illness  was  an 
epileptic  fit.  The  Assyrians  believed  that  this  disease  was 
specially  inflicted  by  the  god  Ashur  and  the  goddess  Ishtar. 

At  the  present  time  these  attacks  excite  pity,  but  not 
fear,  and  even  when  an  epileptic  has  a  seizure  in  church  in 
the  course  of  the  sermon,  the  fit  is  so  well  understood  that  it 
only  causes  a  temporary  embarrassment  to  the  worshippers. 
The  frequency  of  epilepsy,  and  the  opportunities  most 
persons  have  had  of  witnessing  a  fit,  cause  it  to  be  selected 
by  malingerers,  especially  by  soldiers ;  even  a  celebrated 
warrior,  David,  resorted  to  this  trickery  in  feigning  madness 
for  fear  of  the  wrath  of  the  King  of  Gath  (1  Sam.  xxi.  IS¬ 
IS).  The  cause  of  epilepsy  and  the  brain  changes  associ¬ 
ated  with  it  are  as  enigmatical  as  they  were  in  the  days  of 
Hippocrates ;  the  course  and  termination  of  this  disease 
were  as  well  known  to  this  time-honoured  physician  as  they 
are  to  physicians  now.  Epilepsy  remains  on  the  list  of 
incurable  illnesses. 

The  great  advances  made  by  inquiry  into  the  cause  of 
diseases  of  all  kinds  resulting  from  the  employment  of 
modern  means  of  scientific  investigation  inculcate  this  im¬ 
portant  lesson  :  Diseases  are  in  no  sense  to  be  regarded  as 
manifestations  of  Divine  wrath  to  be  appeased  by  vows, 
sacrifices,  and  lustrations,  but  are  in  very  many  instances 
the  direct  results  of  the  contravention  of  some  of  the  simplest 
rules  of  health  and  the  fundamental  principles  of  sanitation. 
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MEDICINE  OF  THE  BIBLE  (continued) 

Maternal  Impressions 

The  occurrence  of  congenital  deformities  and  blemishes  has 
not  only  attracted  great  attention  from  those  whose  business 
it  is  to  study  them,  but  has  led  to  the  wildest  speculation 
and  imaginings  as  to  their  cause  and  meaning,  not  only 
among  the  ignorant  and  superstitious,  but  even  in  educated 
communities.  Peculiarly  marked  bull  calves  (Apis  bulls) 
were  venerated  by  the  Egyptian  priests  at  Memphis,  and 
when  a  bull  died  it  was  accorded  remarkable  sepulchral  rites, 
and  the  sarcophagus  that  contained  its  mummified  corpse  is 
as  extraordinary  in  some  respects  as  a  Pyramid.  To-day, 
in  India,  cows  with  an  extra  leg  or  head  are  greatly  revered 
by  Hindus.  Deformations  of  the  body,  such  as  harehp  and 
cleft  palate,  stunted  limbs,  two-headed  monsters,  extra 
fingers  and  toes,  wings,  and  limbs,  as  well  as  the  curious 
blemishes  on  the  skin  called  hairy  moles,  birth-marks,  and 
port-wine  stains,”  particularly  known  as  mother-marks,” 
always  excite  vulgar  curiosity.  In  every  village  fair  the 
most  patronised  side-show  is  a  collection  of  animal  freaks, 
some  stuffed  and  some  alive.  References  to  freaks  occur  in 
the  oldest  histories.  It  is  recorded  that  David’s  nephew 
slew  at  Gath  a  man  of  great  stature  “  that  had  on  every 
hand  six  fingers  and  every  foot  six  toes,  four  and  twenty 
in  number  ”  (2  Sam.  xxi.  20,  21).  Among  Christians,  these 
deformations  were  attributed  to  the  handiwork  of  Satan, 
or  were  regarded  as  the  result  of  the  conjunction  of  planets, 
or  due  to  the  influence  of  the  moon,  by  those  who  behoved 
in  astrology  and  similar  occult  influences.  An  astrologer, 
Richard  Saunders,  pubhshed  at  the  sign  of  the  Bible  upon 
Ludgate  Hill,  London,  in  1664,  a  book  on  the  Science  of 
Moles,  in  which  he  professed  to  be  able  to  read  a  person’s 
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character  by  the  moles  on  the  face.  After  a  long  study  of 
the  distribution  of  birth-marks,  he  promulgated  a  theory 
that  every  mole  on  the  face  had  upon  some  other  part  of  the 
body  a  corresponding  mole  or  mark,  and  the  position  of  this 
sister-mark  could  be  located  with  tolerable  accuracy.  For 
example  :  A  mole  near  the  right  ear  of  a  man  should  have  as 
a  sister-mark  a  mole  on  the  right  calf,  a  combination  which 
'  signified  that  a  man  was  foolhardy,  but  valiant  and  strong. 
In  a  woman  it  denoted  infelicity.  Birth-marks  are  often 
multiple,  and  many  of  the  combinations  mentioned  by 
Saunders  are  frequently  found,  and  in  that  sense  they  are  as 
amusing  as  the  inferences  drawn  from  the  “  Astral  Domina¬ 
tion  ”  such  combinations  are  supposed  to  indicate. 

The  most  material  belief  in  the  origin  of  malformations 
is  that  covered  by  the  phrase  Maternal  Impressions.” 
Briefly,  this  means  that  when  a  pregnant  woman  sees,  or  is 
particularly  impressed  by,  some  imperfection  in  a  hving 
being,  such  as  a  man  with  one  eye,  an  injured  face,  a  lame 
or  absent  arm  or  leg,  her  babe  will  be  born  with  some  similar 
defect.  In  another  form,  if  the  “  longings,”  or  whimsical 
desires,  of  such  women  remain  unsatisfied,  the  child  will 
appear  with  the  wished-for  article,  usually  fruit,  flower, 
or  a  fish,  marked  on  its  skin.  This  tradition  has  come  down 
to  us  from  remote  antiquity,  and  the  way  in  which  Jacob 
turned  it  to  his  advantage  is  well  set  forth  in  the  account  of 
his  crafty  management  of  Laban’s  flocks,  in  what  is  called 
the  Hebrew  Comedy  of  Craft  (Gen.  xxx.),  or,  to  use  the 
phrase  in  the  heading  of  the  chapter,  “  Jacob’s  policy  where¬ 
by  he  became  rich.”  The  observant  shepherd  agreed  with 
his  father-in-law  that  his  hire  was  to  consist  of  all  the 
speckled  and  spotted  cattle,  and  all  the  brown  sheep,  and  the 
spotted  and  speckled  among  the  goats.  Then  Jacob  took 
rods  of  green  poplar,  hazel,  and  chestnut,  and  peeled  the 
bark  off  the  rods  so  that  the  white  of  the  wood  appeared, 
making  the  rods  ring-straked,  a  form  of  amusement  familiar 
to  all  country  lads.  Jacob  placed  these  variegated  rods  in 
the  gutters  among  the  flocks  when  they  met  together,  but 
the  animals  which  he  exposed  to  the  influence  of  the  rods 
were  the  stronger  cattle.  This  indicates  that  the  tradition 
held  good  even  in  Jacob’s  time  to  the  effect  that  the  stronger 
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animal  exercises  predominance  in  influencing  offspring. 
Jacob  told  Rachel  and  Leah  that  an  Angel  of  God  in  a 
dream  revealed  to  him  that  the  rams  were  ring-straked, 
speckled,  and  grizzled  (Gen.  xxxi.).  This  suggests  that 
the  wily  shepherd,  having  more  faith  in  the  utility  of  a 
ring-straked  and  speckled  ram  than  in  the  influence  of 
the  peeled  rods,  deceived  himself  into  the  belief  that  his 
clever  observation  was  the  outcome  of  a  dream.  It  is  well 
known  among  stock-breeders  that  coloured  hair,  wool,  or 
feather  is  more  easily  transmitted  by  domesticated  animals 
than  any  other  physical  peculiarity,  partly,  perhaps,  because 
colour  variations  are  more  obvious  than  deformities  of  the 
Hmbs  and  similar  imperfections. 

The  condition  of  Esau,  who  “  came  out  red,  all  over  hke 
a  hairy  garment  ”  (Gen.  xxv.  25),  curiously  fascinates 
commentators  as  well  as  matrons,  and  has  had  a  parallel  in 
a  girl  born  at  Pisa,  hairy  all  over.  In  this  instance  the  mother 
believed  that  the  child’s  hairiness  was  caused  by  her  gazing 
on  a  picture  of  John  the  Baptist  (clothed  with  camel’s  hair 
and  with  a  girdle  of  skin  about  his  loins)  during  her  preg¬ 
nancy.  Montaigne,  in  an  essay  on  the  ‘‘  Force  of  the 
Imagination,”  states  that  this  picture  hung  within  the 
curtains  of  her  bed.  This  is  a  good  example  of  the  circum¬ 
stantial  and  plausible  way  women  endeavour  to  account 
for  malformations  in  their  infants.  Many  children  have 
been  born  as  hairy  as  Esau  whose  mothers  have  never 
had  an  opportunity  of  gazing  on  a  picture  of  John  the 
Baptist. 

The  common  form  of  birth-mark  is  the  blemish  known  as 
a  naevus ;  very  many  of  these  marks  disappear  spontaneously 
after  birth.  The  most  circumstantial  accounts  of  wishes  or 
longings  appearing  as  blemishes  are  associated  with  naevi, 
and  one  of  the  most  striking  in  the  writer’s  experience  is  the 
following  :  A  lady  longed  for  a  ripe  plum  on  the  topmost 
branch  of  a  tall  tree.  Her  husband  shook  the  tree,  but  the 
plum  remained  fast ;  his  efforts  to  dislodge  it  with  stones 
were  unavaihng.  The  lady  felt  certain  that  the  baby  would 
be  marked,  so  she  raised  her  petticoats  and  touched  her 
‘  buttock  so  that  the  mark  should  appear  in  an  inconspicuous 
place.  The  baby  was  born  with  a  plum  mark  on  the  buttock 
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at  a  spot  corresponding  to  that  where  she  had  touched 
herself  in  the  orchard. 

Physiology  affords  no  support  to  the  belief  that  the 
“  longings  ”  of  pregnant  women  influence  the  physical 
condition  of  the  offspring.  The  exquisite  researches  of 
embryologists  have  enabled  them  to  determine  with  tolerable 
certainty  the  order  in  which  the  principal  organs  of  the  body 
“  grow  in  the  womb  of  her  that  is  with  child/’  to  use  the 
Preacher’s  phrase,  and  the  average  period,  in  days,  after 
conception  at  which  they  appear  is  well  known.  A  know¬ 
ledge  of  these  sequences  enables  physiologists  to  construct 
what  may  be  called  an  Embryological  Time-table,  and  on 
the  data  thus  ascertained  the  medical  jurist  is  able  to  deter¬ 
mine  the  age  of  foetuses ;  and  judgments  are  delivered  in 
Courts  of  Law  and  in  criminal  trials  on  such  evidence.  The 
usefulness  of  this  knowledge  in  relation  to  maternal  impres¬ 
sions  may  be  illustrated  by  a  case.  Many  years  ago  a  man, 
with  arms  consisting  of  a  pair  of  rounded  stumps  about 
10  inches  long,  earned  his  living  by  spinning  a  top  in  the 
street.  A  woman  well  advanced  in  pregnancy  was  shocked 
to  see  these  stunted  limbs.  A  few  hours  later  her  baby  was 
born,  and  had  malformed  limbs  like  those  of  the  top-spinner  : 
she  attributed  the  malformation  of  her  offspring  to  the 
impression  made  by  the  top -spinner.  The  embryological 
time-table  shows  the  falseness  of  such  an  explanation.  The 
limbs  are  formed  very  early  in  the  prenatal  life,  and  in  the 
ordinary  course  of  events  her  baby’s  limbs  were  formed  or 
malformed  many  months  before  she  saw  the  deformed  man 
in  the  street. 

The  excellent  collection  of  maxims  called  the  Wisdom  of 
Jesus  the  son  of  Sirach,  better  known  by  its  by-name, 
Ecclesiasticus,  contains  some  admirable  opinions  on  dreams 
which  are  appHcable  to  maternal  impression.  In  the 
Revised  Version  we  read  :  “  Dreams  give  wings  to  fools;  as 
one  that  catcheth  at  a  shadow  and  followeth  after  the  wind, 
so  is  he  that  setteth  his  mind  on  dreams.  The  likeness  of 
a  face  over  against  a  face.  And  the  heart  fancieth  as  a 
woman  in  travail  ”  (Ecclus.  xxxiv.  5).  Biologists  know  that 
the  variation  in  the  coloration  of  skin,  hair,  fur,  or  feather  is 
a  question  of  inheritance,  and  not  due  to  fright  or  mere  visual 
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impressions.  It  is  true  that  belief  in  maternal  impressions 
is  universal,  and  great  care  is  taken  to  prevent  pregnant 
women  from  witnessing  sights  which  are  horrible  or 
loathsome.  The  superstition  had  a  nobler  use  among  the 
Greek  and  Roman  matrons,  who,  when  expecting  children, 
occupied  themselves  in  gazing  on  statues  of  well-proportioned 
men  and  women,  with  the  hope  that  they  might  possess 
handsome  sons.  There  is  not  a  single  scientific  fact  which 
can  be  adduced  in  favour  of  what  is  known  as  maternal 
impressions  in  producing  deformity,  or  blemishes,  in  the 
unborn  child.  The  myth  is  visionary.  Like  the  creatures 
Ezekiel  saw  in  his  vision  by  the  river  of  Chebar,  and  as 
extravagant  as  the  fauna  of  the  Apocalypse. 
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MEDICINE  OF  THE  BIBLE  {concluded) 

An  Apocryphal  Miracle 

The  superficial  parts  of  the  eyes  are  often  involved  in 
some  forms  of  skin  disease.  Leprosy,  which  is  essentially  a 
skin  disease,  destroys  the  eyes  with  extreme  frequency. 
Small-pox  is  another  disease  in  which  the  obvious  manifes¬ 
tations  are  mainly  confined  to  the  sldn.  The  modified  skin 
which  covers  the  transparent  part  of  the  eye  becomes  ulcer¬ 
ated  and  pock-marked  in  severe  examples  of  the  disease. 
Small-pox  is  responsible  for  an  enormous  amount  of  impaired 
vision  as  well  as  blindness  throughout  the  world,  civilised 
and  uncivilised.  The  connection  of  the  skin  and  the  eyes 
is  interesting  in  relation  to  cataract  in  aged  persons.  Every 
normal  eye  contains  a  transparent  lens  which  refracts  the 
rays  of  light  passing  into  the  eye  on  the  delicate  retina, 
exactly  as  the  lens  of  a  camera  focusses  the  rays  of  light  on 
the  photographic  plate.  If  this  lens  is  opaque  no  light  is 
transmitted.  Some  children  are  born  with  opaque  lenses 
(congenital  cataract),  but  in  all  persons  the  lens,  like  the 
skin  from  which  it  was  derived,  undergoes  age-changes, 
and  in  many  persons  the  lens  in  old  age  becomes  opaque, 
and  blindness  ensues.  When  a  lens  becomes  opaque  it  is 
called  a  cataract,  and  when  the  cataract  is  ripe  the  dark 
area  in  the  eye,  known  as  the  pupil,  becomes  grey  or  milky 
white.  Thus  a  wrinkled  skin,  white  hair,  and  opacity  of 
the  lens  are  credentials  of  old  age,  and  these  changes  are 
admirably  set  forth  in  the.  remarkable  metaphor  which 
forms  the  first  half  of  the  last  chapter  of  Ecclesiastes.  When 
men  arrive  at  the  limit  assigned  by  the  Psalmist  they  rarely 
find  themselves  in  the  position  of  the  Great  Lawgiver,  “whose 
eye  was  not  dim  ”  even  when  he  was  aged  one  hundred  and 
twenty.  In  connection  with  the  special  senses,  it  is  worth 
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mention  that  smell  is  originally  in  all  animals  the  most 
essential;  without  it  none  of  the  lower  animals  is  able  to 
find  food.  In  animals  such  as  Man,  in  which  the  sense  of 
sight  has  usurped  the  place  once  occupied  by  that  of  smell, 
there  is  evidence  of  the  olfactory  sense-organs  being  more 
strongly  developed  in  the  foetus  than  at  birth  (Flechsig). 
If  newly-born  rabbits  are  deprived  of  the  sense  of  smell 
they  die,  because  they  cannot  find  the  teats  of  the  mother ; 
and  this  is  true  even  if  the  young  rabbits  are  allowed  to 
obtain  the  use  of  their  eyes  before  being  deprived  of  the 
sense  of  smell  (G.  Mann).  The  way  the  blind  obtain  a  know¬ 
ledge  of  external  things  by  vibration  is  remarkable.  When 
Jeroboam’s  wife  disguised  herself  and  visited  Ahijah  to 
learn  the  fate  of  her  sick  son,  the  prophet  could  not  see, 
“  for  his  eyes  were  set  by  reason  of  his  age  ”  (cataracts). 
When  Ahijah  heard  the  sound  of  her  feet  as  she  came  in 
at  the  door  he  said  :  Come  in,  thou  wife  of  Jeroboam; 

why  feignest  thou  thyself  to  be  another?  ”  This  recalls 
Caliban’s  advice  to  Stephano  and  Trinculo  :  “I  pray  you 
trea-d  softly  that  the  blind  mole  may  not  hear  thy  footfall.” 

The  Story  of  a  Bassoon. — This  instrument  has  been  a 
favourite  with  many  great  masters  of  music,  some  of  whom 
have  written  for  it  independent  parts  of  considerable  beauty 
and  originality. 

Darwin,  when  studying  earthworms,  put  the  bassoon  to 
a  curious  use.  Earthworms  are  devoid  of  the  sense  of 
hearing,  yet  they  move  away  from  the  footfall  of  birds  and 
other  enemies,  and  especially  at  the  approach  of  their  arch 
enemy,  the  mole.  Like  the  blind,  they  are  intensely  sensitive 
to  vibrations.  One  day  a  physician  called  to  see  Charles 
Darwin.  The  great  naturalist  was  in  the  library  with  an 
iron  tray  containing  earthworms.  The  worms  took  no 
notice  of  the  jingling  of  keys,  the  shrill  note  of  a  whistle,  or 
similar  sounds,  but  when  Darwin’s  son  played  to  them  on  a 
bassoon  they  felt  the  vibration  and  immediately  began  to 
wriggle.  Surely  this  was  the  strangest  audience  ever  stirred 
by  a  bassoon  ! 

The  Cure  of  Cataract. ^ — The  nature  of  blindness  due 
to  opacity  of  the  lens  has  been  considered  in  some  detail, 
because  this  is  the  form  of  blindness  most  capable  of  cure. 
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and  all  instances  of  restoration  of  sight  which  have  taken 
place  suddenly — which  is  the  essential  of  a  miracle — have 
been  cases  of  cataract.  Mankind  is  very  selfish,  and  among 
the  chief  requisites  in  a  man  ambitious  to  found  a  new 
religion  is  military  ability,  or  power  to  heal  the  sick.  He 
must  be  a  great  conqueror  or  a  healer ;  in  the  latter,  the 
possession  of  power  to  restore  sight  to  the  blind  holds  a 
high  place.  A  method  of  curing  cataract-blindness  has  been 
practised  in  the  East  for  centuries,  and  consists  in  displacing 
the  opaque  lens  by  means  of  a  needle  introduced  into  the 
eye,  and  more  rarely  by  external  manipulation.  The  result 
of  this  operation,  which  is  known  to  oculists  as  couching 
for  cataract,”  is  extraordinary  :  the  person  submitted  to  it, 
as  a  rule,  instantly  recovers  his  sight ;  but  its  permanence 
is  another  matter,  because  the  presence  of  the  displaced 
lens  in  the  vitreous  chamber  of  the  eye  leads,  in  many  in¬ 
stances,  to  the  subsequent  destruction  of  the  delicate 
structures  concerned  in  the  reception  of  the  light  rays. 
More  often  the  instrument  used  in  displacing  the  lens 
being  dirty,  the  eyeball  becomes  infected,  inflamed,  and 
destroyed.  In  spite  of  all  these  risks  a  small  proportion 
of  such  couching  operations,  performed  by  charlatans  and 
itinerant  oculists,  is  permanently  successful.  In  1880  I  saw 
a  man  in  an  ophthalmic  clinic  in  Paris  who  had  been  success- 
•  fully  couched  for  cataract  ten  years  previously.  The 
shrunken  opaque  lens  seemed  to  move '  about  in  his  eye 
like  the  wooden  pea  in  a  schoolboy’s  whistle.  This  man 
could  see  fairly  well  and  read  with  the  aid  of  spectacles. 
Cheselden,  the  celebrated  surgeon,  couched  a  boy  who  was 
born  bhnd.  The  boy  was  aged  14  at  the  time  of  the  couching, 
and  Cheselden  subsequently  gave  an  account  of  the  lad’s 
sensations  in  regard  to  the  shape  of  things,  colour,  and  judg¬ 
ment  of  distance.  All  our  sensations  regarding  the  outer 
world  are  acquired  by  means  of  organs  derived  from  skin. 
This  boy,  when  he  saw  a  thing,  felt  as  if  it  touched  his  eye. 
He  had  difficulty  in  realising  a  picture — things  appeared  to 
be  round  and  uneven,  but  felt  flat ;  this  led  him  to  ask  which 
was  the  lying  sense,  feeling  or  seeing  ! 

The  subject  of  cataract  has  been  discussed  at  some  length, 
because,  among  miracles,  restoration  of  sight  holds  a  high 
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place,  and  it  bears  on  the  leading  theme  of  the  religious  novel, 
the  Book  of  Tobit,”  assigned  to  the  Apocrypha.  The 
story  is  interesting,  and  may  be  epitomised. 

The  Story  oe  Tobit 

Tobit  lived  at  Thisbe  in  Galilee,  and  his  father  followed 
Baal,  but  Tobit  not  only  worshipped  at  Jerusalem,  but  gave 
tithes  to  the  priest.  Tobit  married  and  begat  a  son  Tobias. 
The  country  was  conquered  by  Enemessar,  King  of  Assyria, 
and  Tobit,  with  other  captives,  was  taken  to  Nineveh,  where 
his  industry  and  trustfulness  secured  for  him  the  place 
of  purveyor  to  the  King.  In  this  important  position  he 
was  able  to  be  of  service  to  his  friends,  but  his  particular 
hobby  was  to  bury  the  J ews  who  had  died  in  captivity,  and 
whose  bodies  were  cast  about  the  walls  of  Nineveh.  This 
brought  him  into  trouble,  for  after  Enemessar  had  died, 
Sennacherib,  his  successor,  killed  some  of  the  Jews  in  his 
wrath,  and  was  not  very  pleased  when  he  found  that  Tobit 
had  buried  them  decently.  Tobit  cautiously  retreated  in  fear, 
but  his  goods  were  estreated.  Fifty-five  days  later  Senna¬ 
cherib  was  killed  by  his  own  sons,  and  Sarchedonus  became 
King.  By  good  luck  Achiacharus,  Tobit’s  nephew,  became 
the  King’s  cupbearer,  and  interceded  for  his  uncle,  who 
was  thus  able  to  return  to  Nineveh.  On  the  Feast  of  Pente¬ 
cost,  just  as  Tobit  was  about  to  sit  down  to  “  a  good  dinner,” 
his  son  Tobias  said  to  him  :  “Father,  one  of  our  nation 
is  strangled  and  is  cast  out  in  the  market-place.”  After 
sunset  Tobit  buried  the  body,  and  being  polluted  by  the 
act,  he  slept  by  the  wall  in  the  courtyard,  and  his  face  was 
uncovered ;  whilst  he  lay  in  this  position,  excrement  from  the 
sparrows  on  the  wall  fell  into  his  eyes  and  he  became  blind. 
The  condition  was  such  that  the  physicians  could  not  cure 
him.  He  bore  his  blindness  badly,  and  his  wife  proved  a 
shrew,  but  Tobit,  like  most  blind  men,  was  wily.  Some 
time  previously  he  had  entrusted  some  money  to  one  Gabael 
at  Rages  in  Media,  and  he  determined  to  send  his  son  Tobias 
to  get  it.  There  was  another  object  in  this  journey.  Tobit’s 
cousin  Raguel  lived  at  Ecbatana  with  his  wife  Edna,  and 
Tobit  wished  Tobias  to  marry  Raguel’ s  daughter,  Sara. 
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Before  starting  Tobias  was  the  recipient  of  much  worldly 
wisdom,  worthy  of  Polonius,  from  his  father.  It  is  so  good 
that  some  of  it  is  read  in  the  Offertory.  After  a  pathetic 
parting  from  his  mother  he  went  forth  with  one  Raphael, 
not  knowing  that  his  companion  was  an  angel,  and  the 
young  man’s  dog  with  them.”  On  their  journey  they  came 
to  the  river  Tigris,  and  a  fish  leaped  out  of  the  river  and  tried 
to  bite  him,  but  Tobias,  on  the  angel’s  instructions,  seized 
the  fish  and  extracted  the  liver  and  gall-bladder,  which  he 
preserved.  Together  they  roasted  and  dined  off  the  fish. 
Tobias  was  curious  to  know  why  his  companion  wished  him 
to  take  care  of  the  gall,  and  was  informed  that  it  was  good  for 
curing  whiteness  of  the  eyes,  but  the  liver  could  drive  away 
evil  spirits — an  important  matter,  because  Sara,  whom 
Tobias  was  to  marry,  had  already  married  seven  husbands, 
and  each  had  died  on  the  wedding  night,  their  deaths  being 
due  to  the  infiuence  of  Asmodeus,  the  King  of  Demons. 
Tobias  arrived  at  Ecbatana,  was  duly  married,  and  the  smoke 
from  the  burnt  liver  of  the  fish  drove  the  devil  (Asmodeus) 
into  Egypt.  Milton  refers  to  this  incident  : — 

“  Better  pleased 
Than  Asmodeus  with  the  fishy  fume 
That  drove  him,  though  enamoured,  from  the  spouse 
Of  Tobit’s  son,  and  with  a  vengeance  sent 
From  Media  post  to  Egypt,  there  fast  bound.” 

Raguel  was  so  afraid  that  his  son-in-law  would  die  in 
the  night  that  he  arose  early  and  “  made  a  grave  ” ;  then 
he  said  to  his  wife  Edna,  Send  one  of  the  maids  and  let  her 
see  whether  he  be  alive.”  The  maid  opened  the  door  and 
found  Tobias  and  Sara  asleep.  When  Raguel  knew  they 
were  alive  he  bade  his  servants  fill  the  grave.  The  festivities 
were  kept  up  at  Ecbatana  for  a  fortnight.  In  the  meantime 
Tobias’s  parents  bewailed  his  absence  at  Nineveh,  and  his 
mother’s  anxiety  is  finely  described  (Tobit  x.)  As  soon  as 
Tobias  and  his  companion  reached  home,  Tobias  dropped 
some  fish  gall  into  the  eyes  of  his  father,  which  made  them 
smart,  and  caused  him  to  rub  them;  the  whiteness  dis¬ 
appeared,  and  he  could  see  his  son.  Tobit  was  fifty-eight 
when  he  lost  his  sight,  and  after  eight  years  he  received  it 
again.  The  most  obvious  explanation  of  this  apparently 
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miraculous  cure  is  to  regard  the  whiteness  of  Tobit’s  eyes 
as  being  due  to  senile  cataract;  the  bile  instilled  into  the 
eyes  made  them  smart  and  the  brisk  rubbing  dislocated 
the  lens. 

The  accidental  dislocation  of  an  opaque  lens  by  rubbing 
the  eye  has  been  reported  from  Denmark  as  recently  as 
1911 

A  road-mender,  aged  77,  had  a  cataract  in  his  right  eye; 


Kg.  106. — Tobit,  Anna,  and  the  goat  (Rembrandt). 

while  at  work  in  his  garden  some  sweat  trickled  into  the 
eye  and  he  roughly  rubbed  it.  In  the  morning  the  man 
could  see  with  the  eye,  and  his  neighbours  noticed  that  the 
grey  ness  of  the  pupil  had  gone.  Five  days  later  the  eye 
was  examined  by  a  surgeon,  who  could  see  the  lens  bobbing 
about  in  the  vitreous  according  to  the  movements  of  the 
eye.  A  year  later  the  eye  remained  in  good  condition  and 
free  from  abnormal  intra-ocular  pressure. 

The  blind  man  of  Bethsaida,  who  had  his  sight  restored 
by  manipulation  (Mark  viii.  22),  is  a  parallel  case  to  this 
of  the  road-mender. 
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The  Book  of  Tobit  interested  Rembrandt,  and  stimulated 
him  to  paint  certain  incidents  in  the  story.  One  picture 
represents  the  quarrel  of  Tobit  and  Anna  when,  in  their 
adversity,  she  became  what  we  should  call  a  charwoman, 
and  accepted  a  goat ;  Tobit,  hearing  the  goat  “  cry,”  became 
aware  of  its  presence,  and  thought  she  had  stolen  it  (Fig.  106). 
In  another  Tobias  is  operating  on  his  father  for  cataract 


Fig.  107. — Tobias  couching  Tobit  tor  cataract  {Rembrandt). 

(Fig.  107).  The  Louvre  contains  the  well-known  picture 
representing  the  flight  of  the  angel  after  Tobit  had  recovered 
his  sight ;  gratitude,  reverence,  and  awe  are  shown  on  the 
faces  of  the  family,  and  the  dog  which  accompanied  Tobias 
on  his  journey  to  Ecbatana  is  not  forgotten  (Fig.  108).  Sal¬ 
vator  Rosa  painted  the  incident  of  Tobias  with  the  fish 
in  the  Tigris,  but  omits  the  dog.  Dogs  do  not  receive  favour¬ 
able  mention  in  the  Testament,  Old  or  New ;  Tobias’s  dog 
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is  the  only  exception.  Punch,  the  chief  puppet  in  the  popular 
Punch  and  Judy  Show,  is  usually  regarded  as  of  Italian 
origin,  but  all  the  facts  relating  to  the  origin  of  Punch  and 
Judy  are  obscure,  and  greater  obscurity  surrounds  the  dog 
Toby,  whose  frills  are  garnished  with  bells  to  frighten  away 


Fig.  108. — The  Flight  of  the  Angel  after  Tobit  recovered  his  sight 

{Rembrandt). 


devils.  It  has  been  suggested  that  Punch  was  in  all  pro¬ 
bability  of  Babylonian  origin,  and  Toby  amused  children 
in  the  famous  city  of  Babylon  as  much  as  he  tickles  the  fancy 
of  children  in  the  Western  world  to-day.  Probably  Toby 
represents  the  dog  that  accompanied  Tobias  on  his  eventful 
journey  to  Ecbatana.  In  1916  I  wrote  to  the  editor  of 
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Punch  and  submitted  this  idea  to  him.  He  took  some 
time  to  reply,  and  in  extenuation  of  the  delay,  informed  me 
that  the  letter  had  been  submitted  to  the  staff,  but  none 
was  able  to  shed  any  useful  light  on  the  matter.  So  poor 
Toby  remains  a  literary  mongrel. 


CHAPTER  XXXIV 


THE  TALE  OF  A  CONVOY 

[Morning  Post,  1918) 

The  Navy  whereon,  under  the  good  Provi¬ 
dence  of  God,  the  wealth,  safety,  and  strength 
of  the  Kingdom  depend  [Articles  of  War). 

The  Muster  m  Port 

Give  us  this  day  our  daily  bread.”  This  simple  request, 
first  uttered  in  the  remarkable  discourse  delivered  nearly 
2000  years  ago  among  the  hills  above  the  Lake  of  Galilee, 
has  a  forcible  significance  for  the  inhabitants  of  the  British 
Isles  to-day.  For  many  years  thoughtful  men  have  realised 
that  if  Great  Britain  lost  command  of  the  sea  a  powerful 
enemy  might  starve  the  country  in  a  few  weeks.  Germany 
endeavoured  to  accomplish  this  by  every  means.  The 
situation  was  faced  with  the  same  determination  and 
resourcefulness  with  which  it  was  forced  upon  us  by  the 
enemy,  and  made  it  incumbent  for  the  Navy  to  convoy 
merchant  ships. 

It  is  the  object  of  this  tale  to  describe  what  is  known 
as  a  slow  convoy,  and  the  methods  followed  by  ships  and 
escorts,  so  as  to  give  some  idea  of  the  skill  and  care  exercised 
in  such  an  important  duty. 

The  dangers  that  threaten  convoys  are  various,  and  it 
is  convenient  to  divide  the  area  of  the  sea  to  be  traversed 
into  three  zones — the  zone  of  the  raider,  the  zone  of  the  sub¬ 
marine,  and  the  mine  zone.  In  any  part  of  the  sea  a 
convoy  may  be  attacked  by  a  raider,  either  an  armoured 
cruiser  or  a  well-armed  ship  disguised  as  a  neutral  mer¬ 
chantman. 

Merchant  ships  had  to  face  dangers  and  difficulties 
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PERILS  OF  THE  SEA 

previously  unknown.  Apart  from  the  common  perils  of  the 
sea,  such  as  gales  and  storms,  fogs,  collisions,  and  fire,  our 
brave  sailors  faced  dangers  on  the  sea — raiders ;  above  the 
sea — aircraft ;  and  under  the  sea — submarines  and  mines. 
These  terrific  engines  of  destruction  were  used  in  violent 
contravention  of  international  rules  and  often  with  atrocity 
unparalleled  in  the  history  of  civilised  nations. 

The  Convoy 

There  are  dangers  in  the  convoy  itself.  Vigilance  is 
necessary,  so  that  no  enemy  ship  disguised  as  an  innocent 
merchantman  is  included  in  the  convoy  and  no  ship  is  allowed 
to  join  during  the  voyage.  Ships  meeting  convoys  are  not 
allowed  to  pass  through  the  lines,  and  if  of  suspicious 
appearance  are  challenged,  and  if  they  failed  to  give  the 
code  signal  promptly  and  correctly  would  be  immediately 
engaged  by  the  cruiser. 

Apart  from  these  affairs,  it  may  be  easily  imagined  that 
the  ships,  differing  in  size,  speed,  disposition  as  regards 
manoeuvring  qualities,  and  steering  capacity,  involve  the 
escort  in  great  anxiety,  some  of  which  will  be  explained. 

In  order  to  get  an  idea  of  the  nature  of  the  ships  that 
were  escorted  to  England,  I  went  round  the  harbour  in  a  tug 
and  found  : — 

A  score  of  merchant  ships. 

Fill’d  with  oil,  meat,  and  grain. 

All  bound  for  British  ports. 

And  keen  to  cross  the  main. 

They  were  a  motley  group,  for  the  majority  had  been  dis¬ 
figured  with  paint.  Three  of  the  ships  presented  the  usual 
slate  colour  of  iron  vessels,  but  the  remainder  had  their 
outsides,  including  the  funnels,  ventilators,  and  upper  works, 
daubed  with  broad  bands  of  black,  white,  blue,  green,  or  red. 
Some  of  the  markings  were  vertical,  others  oblique;  some 
straight,  others  curved,  and  at  all  angles  known  in  trigono¬ 
metry.  No  design  appears  to  have  been  followed,  excepting 
an  attempt  to  repeat  the  peculiar  black  and  white  stripes 
on  the  rump  of  the  zebra.  The  majority  resembled  clowns, 
harlequins,  and  pantaloons ;  some  had  a  pattern  that  made 
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them  look  as  if  they  were  covered  with  chintz  of  a  gaudy 
design. 

Protective  Coloration 

There  is  nothing  more  disputed  in  natural  history  than 
what  is  known  as  protective  coloration.  In  this  matter 
the  Admiralty,  anxious  to  baffle  the  pirates  infesting  our 
coastal  waters,  and  especially  the  approaches  to  our  ports, 
leaves  nothing  to  chance,  and  in  spite  of  the  doubtful  value 
of  such  coloration,  disfigure  warships  as  well  as  mer¬ 
chant  ships  with  paint.  Ladies  of  fashion  have  long  known 
the  value  of  striped  dresses.  Vertical  stripes  increase  the 
apparent  height,  and  are  in  favour  with  short  women.  Fat 
and  short  women  avoid  horizontal  stripes.  Zebra  stri pings 
find  the  greatest  favour  for  ships.  It  is  a  fact  that  a  ship 
adorned  with  such  stripes  is,  in  dock,  as  conspicuous  as  a 
zebra  in  Piccadilly ;  but  when  a  zebra  is  seen  at  a  distance  in 
his  native  surroundings,  the  black  and  white  stripes  so  blend 
that  the  animal  is  inconspicuous.  It  happens  that  animals 
admirably  protected  by  colour  in  their  natural  surroundings 
are  easily  detected  when  they  move.  Shakespeare  has 
an  epigram  on  this  :  ‘‘  Things  in  motion  sooner  catch  the  eye, 
than  what  not  stirs.”  This,  however,  does  not  apply  to 
zebras  nor  striped  ships,  for,  moving,  they  are  more  indistinct 
than  when  at  rest. 

Captains  in  Council 

Before  leaving  port  the  captains  of  the  merchant  ships 
meet  the  officers  of  the  escort  in  conference.  The  captains 
courageous  assemble,  attest  their  names,  and  receive  the  rules 
relating  to  convoys,  as  well  as  a  sheet  containing  the  names, 
tonnage,  speed,  armament,  destination,  and  the  height  of 
the  mainmast  of  each  ship.  The  preliminaries  settled,  the 
captain  of  the  escort  reads  carefully  to  the  meeting  regula¬ 
tions  connected  with  the  station  of  each  ship,  order  of  sailing, 
details  of  the  route,  and  speed ;  then  follow  instructions 
special  to  particular  ships  and  matters  relating  to  time, 
signals,  station-keeping,  and  change  of  course.  Regulations 
in  regard  to  the  important  matter  of  zigzagging  are  carefully 
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discussed  and  a  plan  to  govern  it.  The  importance  of  making 
little  smoke  and  the  great  danger  of  lights  at  night,  especially 
when  in  or  near  the  danger  zone,  is  insisted  on. 

There  are  hard-and-fast  rules  for  all  convoys,  and  some 
issued  by  the  Admiralty  as  to  course  and  rendezvous.  The 
captain  of  the  escort  has  certain  special  rules  which  he 
explains  in  detail.  A  ship  is  chosen  to  act  as  a  vessel  for 
the  commodore,  who  is  an  officer  selected  from  the  staff  of 
an  escorting  cruiser.  Each  ship  in  the  convoy  has  a  trained 
signaller  to  ensure  uniformity  in  signalling.  The  time  and 
order  of  sailing  are  agreed  upon  and  the  conference  disperses. 
Many  of  the  captains  who  were  at  the  meeting  had  already 
been  convoyed,  and  thoroughly  appreciated  the  protection 
this  method  affords. 


At  Sea 

It  was  a  grand  morning,  with  a  nipping  and  an  eager  air, 
when  the  ships  left  the  harbour  and  proceeded  to  sea,  and  in 
due  course  Columbella,  the  escort,  followed  them.  As  the 
anchor  was  weighed  the  band  played  the  National  Anthem, 
“The  Maple-Leaf,”  and  “The  Star-spangled  Banner.” 
The  convoy  had  four  hours’  start,  and  by  the  time  the  escort 
overhauled  the  ships  they  were  in  good  order ;  and  in  passing 
through  the  lines  a  fair  opportunity  was  afforded  for 
identifying  the  ships  and  forming  some  idea  of  their  behaviour 
at  sea.  Soon  signals  were  hoisted  for  the  ships  to  start 
zigzagging.  In  twenty  minutes  the  ships  were  zigzagging 
for  all  they  were  worth,  and  in  their  comic  disguise  produced 
an  extremely  amusing  appearance,  resembling  clumsy  and 
ill-assorted  partners  at  a  ball  practising  quadrilles  and 
waltzes  in  fancy  costume.  This  was  the  first  lesson  the 
convoy  had  in  steam  tactics  at  sea,  and,  at  the  end  of  an  hour, 
they  were  out  of  station ;  but  it  was  excellent  practice,  and 
afforded  the  captain  of  the  escort  information  of  the  zig¬ 
zagging  ability  of  each  ship.  The  successful  performance 
of  this  apparently  simple  manoeurve  is  baffling  to  U-boats. 
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Medical  Aid  at  Sea 

At  the  south  tail  of  the  Bank  of  Newfoundland  the  convoy 
was  enveloped  in  fog.  At  10  a.m.  the  fog  began  to  lift  and 
slowly  vanish,  and  the  ships  gradually  loomed  into  bright 
sunlight  and  resumed  their  proper  stations.  The  dis¬ 
positions  of  the  ships  when  the  fog  lifted  resembled  in  a 
striking  way  the  position  of  draughts  on  a  chequer-board 
when  a  clumsy  person  stumbles  against  it. 

In  the  course  of  the  morning  a  ship  signalled  that  a  man 
on  board  needed  medical  aid,  and  asked  for  a  doctor.  A  boat 
was  lowered  from  the  Columbella,  the  surgeon  went  aboard, 
and  found  that  the  man  needed  help  and  would  require  it 
for  several  days.  In  these  circumstances  the  patient  was 
lowered  into  the  boat  and  brought  on  board  the  escort.  The 
transfer  occupied  half  an  hour,  and  all  the  ships  in  the 
convoy  hove  to.  This  little  incident  illustrates  what  has 
been  called  the  omnipotence  of  surgeons.  On  several 
occasions  it  has  happened  that  a  twenty  or  thirty  thousand 
ton  mail-steamer  has  been  held  up  in  mid-Atlantic  whilst 
the  ship’s  surgeon  has  performed  an  operation.  On  this 
occasion  a  cook’s  mate  required  surgical  aid,  and  this  the 
cook  had  endeavoured  to  render,  after  consulting  a  book  on 
domestic  medicine.  For  half  an  hour  160,000  tons  of  ship¬ 
ping  stopped  in  mid-ocean  so  that  surgical  aid  could  be 
rendered  to  a  cook’s  mate  ! 

For  those  who  believe  in  omens  it  may  be  added  that  the 
heavens  approved  the  act.  It  was  mid-day  when  the  boat 
returned  to  the  escort  with  the  sick  man.  The  sun  was  in 
the  zenith,  surrounded  by  a  large  halo,  and  as  the  boat  was 
hoisted  the  inner  border  of  the  halo  was  tinted  of  a  faint  pink 
like  a  rainbow.  I  had  never  seen  a  solar  halo  before;  it 
was  an  object  of  exquisite  beauty.  Under  the  care  of  the 
ship’s  surgeon  the  man  quickly  recovered,  and  an  operation 
was  avoided. 


CHAPTER  XXXV 


THE  TALE  OF  A  CONVOY  (continued) 

The  Armed  Cruiser 

The  Columbella  had  forty-two  officers,  clean-shaved,  smart 
in  appearance,  and  full  of  confidence  in  their  lucky  ship. 
With  the  exception  of  the  captain  and  the  chief  engineer,  they 
ranged  in  age  from  eighteen  to  thirty-two.  It  was  easy  for 
me  to  understand  the  astonishment  with  which  a  barrister 
listened  to  a  junior  surgeon  on  the  staff  of  a  large  London 
hospital  relating  his  experience  of  operations  by  the  hundred. 
Upon  which  the  barrister  observed,  “  Why,  you  are  barely 
thirty  !  ”  In  matters  connected  with  war,  especially  naval 
warfare,  this  is  true — young  men  for  fighting,  middle-aged 
men  for  counsel,  and  old  men  for  prayer. 

Within  forty-eight  hours  I  fell  into  the  routine  and  found 
my  way  into  the  various  recesses  of  the  ship,  and  got  inter¬ 
ested  in  divisions,  prayers,  physical  drill,  boat  drill,  and  fire 
drill;  painting,  carpentering,  the  smithy,  and  the  bo’s’n’s 
room,  with  its  assortment  of  rings,  thimbles  for  ropes,  shackles 
of  many  kinds,  huge  hooks  and  eyes,  ring  bolts,  spare  chains, 
handcuffs  and  leg-irons,  and  marhne-spikes  like  needles,  of  all 
shapes  and  sizes. 

The  electric  installation  throughout  a  large  cruiser  is 
amazing  in  its  completeness.  Electric  signals  and  telephones 
in  warships  save  time  and  ensure  prompt  action.  There  are 
occasions  when  a  few  seconds  mark  the  difference  between 
success  and  failure.  A  good  illustration  of  the  way  in  which 
electricity  has  modified  navigation  is  connected  with  time¬ 
keeping.  Formerly  the  most  important  instrument  for  the 
navigator,  next  to  the  mariner’s  compass,  was  an  accurate 
chronometer.  Now,  Greenwich  mean  time  (G.M.T.)  is 
obtainable  in  mid- Atlantic  by  wireless  from  the  Eiffel  Tower. 
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Ships,  of  course,  carry  chronometers,  but  in  a  convoy  it  is 
extremely  useful  to  know  that  all  the  ships  have  G.M.T. 

In  working  the  guns  electric  arrangements  are  manifold. 
Each  gun  is  in  telephonic  communication  with  the  bridge; 
an  electric  bell  calls  attention,  the  telescopic  sights  are  lighted 
with  an  electric  lamp,  and  at  night  a  covered  light  enables 
the  gun-team  to  work  easily,  and  the  firing  is  done  by  an 
electric  current  under  the  control  of  the  gun-layer.  The 
electric  fittings  of  the  guns  are  tested  daily. 

The  Bridge 

The  bridge  of  a  cruiser  may  not  inappropriately  be  called 
the  shrine  of  the  ship,  and  the  compass  in  the  centre,  with  its 
accessories,  the  altar.  The  walls  of  the  bridge  are  fitted 
with  telegraphs  for  communicating  with  the  engine-room. 
Fixed  along  the  front  are  voice-tubes  for  sending  messages 
to  the  guns ;  these  tubes  are  labelled  in  plain  letters,  fore¬ 
castle  gun,  poop  gun,  well  gun,  and  so  on.  At  gun-drill  a 
voice-tube  boy  stands  over  each  voice-tube,  and  as  the  boys 
shout  the  orders  to  the  gun-tubes  in  unison,  they  sound  like  a 
class  in  a  Sunday-school  repeating  the  short  Commandments. 

The  navigating  lights  are  under  the  control  of  the  bridge ; 
there  are  switches  for  the  lights  on  the  mainmast,  foremast, 
and  for  the  bow  lights,  port  and  starboard. 

Among  the  electric  pushes  there  is  one  labelled  Rattlers. 
This  signal  differs  from  all  others.  When  the  rattlers  dis¬ 
turb  the  silence  of  the  night,  every  one  dons  his  warmest 
clothes  and  hurries  to  station.  They  intimate  that  a  sub¬ 
marine  wishes  to  pay  its  respects  to  the  ship. 

The  signal  station  is  immediately  below  the  bridge,  and  the 
yeoman  of  signals  with  his  men  are  ready  to  execute  orders 
promptly,  either  with  flag,  pennant  and  burgee,  search¬ 
light  and  shutter,  or  semaphore.  For  a  quick  change  of 
course  the  simplest  plan  in  an  emergency  is  to  fire  a  gun. 

Cruisers  are  also  supplied  with  “  depth  charges  ”  for 
destroying  submarines.  These,  adjusted  at  the  stern  of  the 
ship,  are  under  the  observation  of  a  reliable  man  day  and 
night,  and  so  arranged  that  they  can  be  released  by  him,  or 
from  the  bridge. 
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Gun  Practice 

The  uninitiated  civilian  talks  lightly  of  mounting  guns  on 
merchant  vessels.  Let  us  notice  what  it  entails.  Gun¬ 
laying,  like  billiards,  requires  practice  as  well  as  theory,  and 
in  this  work  no  amount  of  meditation  will  perfect  the  gunner 
in  his  art.  Great  care  and  attention  are  bestowed  on  the  gun 
daily.  Until  one  has  witnessed  gun  practice  with  a  big 
breech-loader,  familiarly  called  B.L.  or  Q.F.,  it  is  difficult 
to  appreciate  the  business.  The  gun  is  treated  with  affec¬ 
tionate  care.  Its  rifled  cavity  is  thoroughly  mopped  and 
greased.  Gun-bearings  tested  and  greased.  Breech-blocks 
opened  and  closed  to  ascertain  if  they  work  smoothly,  and 
greased.  The  brass  mountings  are  polished  till  they  shine 
like  mirrors.  The  telescopic  sights  are  tested;  the  object 
and  eye-glasses  are  carefully  cleaned,  and  the  cross-lines 
tested.  The  gun  is  then  exercised  on  its  platform  and  the 
muzzle  directed  to  all  sectors  of  the  horizon.  The  electric 
fittings  are  tested  daily,  and  a  fuse  fired,  to  be  sure  that  the 
electric  firer  acts  properly.  All  being  in  order  the  gun  is 
loaded  deliberately. 

The  preparedness  of  the  guns  and  their  crews  is  occasionally 
put  to  the  test  when  the  cruiser  is  on  convoy  duty.  A  target 
is  sometimes  floated  out  to  sea,  and  as  the  cruiser  circles 
round  it  the  gunners,  with  remarkable  accuracy,  tear  it  to 
pieces  with  shell.  The  shooting  from  these  huge  guns  is 
often  excellent,  and  the  gunners  correspondingly  puffed  up. 
Accurate  shooting  at  sea  demands  not  only  a  knowledge  of 
the  gun,  but  also  of  its  accessories.  The  precision  of  fire 
with  modern  guns  is  remarkable. 

Next  to  good  weapons  and  good  gunners,  the  prompt 
supply  of  ammunition  is  a  necessity.  In  fighting,  the 
antagonist  who  gets  in  heavy  blows  accurately  and  early  in 
the  contest  gains  great  advantage.  Rows  of  shells  in  racks 
occupy  the  decks  in  close  proximity  to  the  guns.  Whilst 
ammunition  at  hand  is  being  used  at  the  rate  of  ten  rounds 
per  minute  with  shell  weighing  one  hundred  pounds,  it  will 
be  realised  that  the  raising  of  such  heavy  charges  from  the 
ammunition-room  is  no  mean  task.  Special  squads  are 
told  off  for  this  important  duty.  Daily  the  squads  are 
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exercised  in  this  work  with  service  ammunition,  so  that 
when  the  supreme  need  arises  there  should  be  no  delay,  no 
chance  for  the  men  at  the  guns  to  spit,  wink,  or  swear,  and 
wish  themselves  in  a  safer  place. 

The  Hotchkiss  breech-loader  is  a  weapon  as  neat  and 
handy  as  a  sewing  machine.  It  is  familiarly  called  the 
“  three -pounder.’’  It  is  useful  for  anti-aircraft  purposes 
and  for  exploding  mines.  To  the  lay  mind  the  fact  that  a 
missile  weighing  a  hundred  pounds  or  more  can  be  projected 
several  miles  and  hit  the  mark  seems  astonishing.  When 
the  gun  is  studied  in  actual  work,  with  its  beautiful  equip¬ 
ment,  reliable  electric  accessories,  and  exquisite  telescopic 
sights,  the  matter  is  comprehensible.  The  fallible  side  of 
gunnery  is  the  human  element.  The  effective  use  of  a  gun 
depends  on  the  vision,  nerve,  and  steadiness  of  the  gun-crew, 
and  it  is  essential  that  all  the  men  shall  be  thoroughly 
familiar  with  the  technique  of  gun-laying,  and  this  can  only 
be  attained  by  constant  practice. 

Gun  Drill 

Thorough  familiarity  with  the  working  of  guns  is  all 
important.  Every  day  while  the  cruiser  was  at  sea  the  gun- 
teams  were  exercised.  Ammunition  teams  are  trained  in 
handling  shells  quickly  and  smartly.  It  is  somewhat  start¬ 
ling  to  see  men  bringing  up  round  after  round  from  the 
ammunition-room,  so  many  per  minute,  to  keep  the  guns 
adequately  supplied.  It  is  even  more  exciting  to  descend 
the  ammunition  shaft  and  listen  to  the  noise  below,  and 
attempt  to  realise  the  din  and  roar  that  must  attend  an  action, 
with  guns  firing,  shell  bursting  on  and  off  the  ships,  bells 
ringing,  and  the  dull,  significant  thump  of  heavy  shell  dumped 
on  the  decks  from  the  ammunition  hoists. 

It  startles  the  onlooker  at  gun-drill  to  see  big  shell  carried 
about,  or  dumped  on  deck,  with  the  same  unconcern  as  loaves 
of  bread  are  handled  by  the  baker,  or  irresponsive  dolls  by 
irresponsible  children.  Such  irreverence  for  such  dangerous 
material  illustrates  the  old  saw,  “  familiarity  breeds  con¬ 
tempt.” 
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TALE  OF  A  CONVOY  {continued) 

Station-Keeping  and  Signalling 

The  convoy  is  kept  in  order  by  signals.  During  daylight, 
signalling  is  continual,  and  if  the  yeoman  of  signals  is  not 
smart  at  his  job  the  captain  of  the  cruiser  has  an  extremely 
unpleasant  time.  Signalling  is  indispensable  for  station¬ 
keeping  at  sea,  and,  to  facilitate  matters,  a  signalman  (R.N. 
V.R.)  of  experience  is  put  on  board  each  ship  of  the  convoy. 
It  is  easy  for  a  squadron  of  battleships  to  keep  station ;  the 
ships  work  together,  and  are  able  to  hold  a  few  spare  knots 
“  up  their  sleeve,”  so  to  speak,  for  an  emergency  or  sudden 
order,  and  at  night  each  ship  tows  a  fog-buoy  astern.  A 
fog-buoy  is  a  barrel  tied  to  the  end  of  a  rope  and  dragged 
astern,  where  it  makes  a  splash ;  this  is  easily  seen,  and,  if 
necessary,  illuminated  by  a  searchlight.  This  is  not  per¬ 
missible  on  a  convoy,  where  the  exhibition  of  a  light  at  night, 
even  for  a  few  moments,  might  give  the  show  away  and  bring 
on  disaster. 

Station-keeping  in  a  convoy  of  merchant  ships,  differing 
in  shape,  tonnage,  and  speed,  is  not  an  easy  task.  The  first 
difficulty  is  the  reputed  speed  of  each  ship ;  some  are  over¬ 
rated,  especially  the  slowest,  and  it  is  the  highest  speed  of 
the  slowest  ship  that  regulates  the  sailing-rate  of  the  whole 
convoy.  Some  of  the  ships  could  steam  at  double  the  rate 
of  the  slowest,  so  they  had  to  mark  time,  and,  when  impatient, 
came  in  for  stern  rebuke.  A  discordant  steam  whistle  can 
utter  an  unmistakable  reprimand.  A  quick  ship  can,  as  a 
rule,  answer  the  helm  quickly ;  a  slow  ship  takes  time,  and, 
like  the  tortoise  when  a  hundred  years  old,  seems  to  think 
a  great  deal  before  altering  course.  In  many  of  their  actions 
ships  seem  extraordinarily  like  women.  Sailors  always  refer 
to  the  ship  as  she. 
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It  is  easily  appreciable  that  if  signals  are  badly  displayed, 
ill-understood,  or  answered  in  a  dilatory  way,  the  convoy 
would  soon  become  disorganised,  like  a  flock  of  sheep  without 
a  shepherd,  or  mixed  up,  as  in  the  familiar  game  of  general 

post,  and  when  they  bump  against  each  other,  well  - . 

The  method  employed  is  simple.  In  starting,  each  ship  gets 
in  space  several  cable  lengths  in  the  four  cardinal  directions, 
and  as  the  navigating  officers  form  an  opinion  of  the  pecu¬ 
liarities  of  the  ships  they  gradually  reduce  the  space  covered 
by  the  convoy  by  limiting  the  interval  between  the  vessels. 
Gradually  the  convoy  came  to  be  handled  almost  as  smartly 
as  line-of -battle  ships.  All  day  long  the  range-finder  was  in 
use  to  keep  the  leaders  in  position ;  any  deviation  was 
promptly  noted,  and  by  controlling  the  leading  ship  of  each 
line  the  followers  were  kept  fairly  well  in  order. 

The  yeoman  of  signals  had  a  smart  set  of  men  under  him, 
who  hoisted  flag,  pennant,  and  burgee  with  celerity,  neatness, 
and  dexterity,  and  drew  them  in  again  with  alacrity.  The 
yeoman  watched  for  replies  through  a  telescope,  using  his 
right  or  left  eye  with  equal  facility  and  accuracy. 

On  a  deep  blue  sea,  with  the  sun  shining,  and  signals 
flying  starboard  and  port,  the  convoy  often  looked  as  if  it 
were  beflagged  for  a  regatta. 

After  a  few  days’  training  the  convoy  could  be  manoeuvred 
easily,  and  gradually  the  ships  were  brought  closer  together. 
In  the  early  days  of  the  voyage  the  area  covered  by  them 
measured  sixteen  square  miles ;  by  the  time  they  entered 
the  danger  zone  it  was  reduced  by  one-half.  Merchant  ships 
in  convoy  are  not  very  anxious  about  a  neighbour  on  the 
beam,  but  they  are  fidgety  about  the  ship  immediately  astern. 
The  bow  of  a  heavy  ship  close  under  the  stern  of  one  that 
sluggishly  answers  the  helm  does  not  make  for  bliss  in  bad 
weather,  especially  fog  and  snow. 

In  addition  to  fog-signalling,  messages  are  transmitted 
very  rapidly  by  semaphore,  and  an  extremely  useful  method 
is  Morse  signalling. 

Stragglers 

A  cruiser  in  charge  of  a  convoy  is  like  a  shepherd,  and  the 
ships  are  like  the  flock.  We  learn  from  earhest  childhood 
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that  sheep  are  liable  to  stray ;  and  this  is  true  of  a  convoy. 
On  the  first  Sunday  at  sea,  after  divisions,  the  men  lined  up 
in  the  well-deck  and  listened  to  the  Articles  of  War  read  in  a 
clear  voice  by  the  captain.  Silence  was  profound,  but  the 
most  interested  spectator  was  a  lively  cock  sparrow ;  the 
pert  bird  hopped  about  a  six -inch  gun  or  perched  on  a 
shell,  and  fancied  himself  as  important  as  a  petty  officer, 
listened  intently,  and  turned  his  little  head  from  side  to 
side  like  a  Clerk  of  Assize.  This  bird  was  at  least  250  miles 
from  land.  A  short  and  impressive  Church  Service  followed, 
and  the  Columbella  steamed  around  the  convoy  to  find  those 
ships  which,  “  like  sheep,  had  gone  astray.’’ 

Nearly  all  the  ships  were  keeping  excellent  stations,  but 
two  were  missing.  One  straggler,  five  miles  astern,  replied 
to  signals  that  the  speed  of  the  vessel  had  been  exaggerated. 
The  other  sluggard  was  many  miles  astern,  and  bobbed 
about  on  a  lumpy  sea,  sitting  first  on  one  wave  and  then 
another,  looking,  in  its  red,  white,  and  blue  paint,  like  a 
gaudy  butterfly  flitting  from  one  cabbage  to  its  neighbour. 
A  long  interview  by  signal  followed.  Briefly  it  amounted 
to  this  :  The  captain  said  that  he  had  grievously  over¬ 
estimated  the  speed  of  his  ship ;  the  error  was  unintentional, 
and  he  was  certainly  getting  as  much  out  of  the  engines  as 
possible.  He  received  some  useful  advice  in  regard  to  the 
rendezvous,  and  by  this  time  a  suspicious  bank  of  mist, 
suggestive  of  fog,  appeared  ahead,  so  the  cruiser  started  off 
at  a  good  speed  to  rejoin  the  convoy.  Shortly  after  sun¬ 
down  the  cruiser  was  at  the  tail  of  the  ships,  and  was  so 
surprised  at  the  brightness  of  the  lights  that  he  duly  admon¬ 
ished  the  captains.  The  fleet  looked  like  Clapham  Junction, 
or,  as  a  witty  midshipman  whispered  in  my  ear,  the  yellow, 
red,  and  green  lights  suggested  a  chemist’s  shop.  A  few 
hours  later  the  convoy  was  enveloped  in  a  thick  fog,  and  the 
steam  whistles  were  making  a  tremendous  noise,  resembling 
the  despairing  wails  of  tortured  giants,  representing  a 
great  waste  of  steam,  incurred  much  blasphemy  from  the 
engineers. 

A  few  days  later  one  of  the  ships  dropped  some  miles 
astern.  Signals  promptly  set  to  work  to  find  out  the  cause. 
This  ship  had  a  leaking  condenser  that  could  be  repaired  in 
u 
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a  few  hours.  She  promised  to  be  in  station  at  mid-day 
following,  and  this  forecast  truly  came  to  pass. 

Another  ship  lagged.  The  Columbella,  getting  within 
signalling  distance,  was  informed  that  the  heavy  sea  had 
delayed  the  ship,  and  the  coal  was  bad.  These  were  insuffi¬ 
cient  excuses.  Then  the  blame  was  attributed  to  the  pres¬ 
ence  of  two  firemen  belonging  to  the  I.W.W.,  or  the  Industrial 
Workers  of  the  World,  and  the  captain  asked  for  some 
firemen  to  be  sent  aboard.  This  was  impossible.  The 
captain  of  the  cruiser  decided  to  leave  the  ship  to  her  own 
course,  but  it  was  explained  to  him  that  the  cargo,  con¬ 
signed  to  the  British  Government,  was  worth  -  million 

dollars.  These  communications,  sent  by  signal,  occupied 
a  long  time.  The  escort  watched  this  ship  for  two  hours, 
and,  when  convinced  that  her  speed  was  improving,  rejoined 
the  convoy,  for  it  seemed  quite  probable  that  she  would  be 
in  station  by  mid-day.  The  anticipation  was  realised,  and 
the  ship,  with  the  valuable  cargo,  regained  and  retained  her 
station  and  reached  port  safely. 

Contributory  Negligence 

Eventide,  the  bugle  sounds,  darken  ship.  The  ports 
are  immediately  obscured  and  all  internal  lights  screened. 
The  ship  police  go  round  and  ascertain  that  the  order  is 
properly  carried  out.  The  darkening  of  the  ship  is  an 
important  matter,  and  a  study  of  the  evidence  makes  it 
clear  that  many  vessels  have  been  torpedoed  from  neglect  of 
this  simple  precaution.  Steaming  without  lights  adds  to 
the  perils  of  the  sea.  To  be  hit  by  a  torpedo  in  daylight  is 
bad  enough,  but  to  be  sunk  at  night  is  worse.  Many  stories 
have  been  told  of  the  dangers  arising  from  failure  to 
extinguish  or  screen  the  lights.  A  destroyer,  bidding  adieu 
to  a  mail-steamer  it  had  escorted,  shouted  through  the 
megaphone  :  ‘‘  Last  night  your  ship  was  lighted  like  a  little 
town  !  ’’ 

One  tragic  instance  may  be  given  of  the  result  of  negligence 
in  regard  to  lights.  A  large  and  magnificent  steamer  had  on 
board  a  testy  and  troublesome  passenger  who  opened  a  port 
for  light  and  air.  The  officer  who  looked  after  this  matter 
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remonstrated  with  this  selfish  man  for  disobeying  regulations, 
and  there  was  mueh  disturbance.  The  same  night  the  ship 
was  torpedoed,  and  with  great  difficulty  the  passengers  and 
crew  were  got  into  boats.  The  refractory  passenger  found 
himself  in  a  boat  under  the  command  of  the  officer  who  had 
remonstrated  with  him  about  the  open  port.  This  passenger 
bemoaned  his  misfortune,  and  as  the  boat  moved  away,  on 
the  side  where  the  torpedo  struck  the  ship,  a  brilliant  beam 
of  light  from  an  open  port  shone  direct  into  the  boat,  like 
a  searchlight.  The  officer  in  charge  directed  the  attention 
of  the  moaning  passenger  to  this,  and  said  :  “  The  light  that 
brought  this  misfortune  on  the  ship  comes  from  your  cabin  !  ” 

A  stewardess  gave  me  many  particulars  relating  to  the 
tribulations,  anxieties,  and  sufferings  of  the  women  during 
the  hours  they  were  afloat,  and  the  officer  in  charge  of  the 
boat  gave  a  pathetic  description  of  the  last  moments  of  the 
ship.  As  she  gradually  settled,  stern  first,  air  and  steam 
rushed  up  the  funnels  and  the  ventilating  shafts  with  loud 
and  discordant  noises,  as  if  they  issued  from  a  huge  organ. 
The  ship  resembled  a  giant  in  a  death  struggle,  dying  un¬ 
willingly.  The  captain  was  the  last  to  leave  the  deck.  The 
bow  remained  for  some  minutes  in  the  air  after  the  captain 
stepped  into  the  boat,  then  suddenly  disappeared.  The 
occupants  of  the  boat  sighed  with  relief  to  think  that  this 
struggling  ship  no  longer  suffered  ! 

As  soon  as  the  ship  sank,  the  submarine  approached  in 
the  darkness,  and  a  voice,  in  excellent  English,  asked  for  its 
name  and  tonnage.  When  the  Germans  got  the  answer, 
they  shouted,  “We  didn’t  think  we  had  sunk  such  a  big 
ship.  Hurrah  !  ” 


CHAPTER  XXXVII 


THE  TALE  OF  A  CONVOY  {continued) 

Mines  and  Paravanes 

By  the  Eighth  Convention  of  the  Hague  Conference,  1907, 
certain  restrictions  were  imposed  on  the  use  of  submarines, 
mines,  and  torpedoes,  with  the  view  of  protecting  peaceful 
shipping  from  the  use  of  such  weapons  by  belligerents.  It  is 
forbidden- — (1)  To  lay  new  unanchored  contact  mines  unless 
they  are  so  constructed  as  to  become  harmless  one  hour 
at  least  after  the  person  who  laid  them  shall  have  lost  control 
over  them  ;  (2)  to  lay  anchored  automatic  mines  which  do  not 
become  harmless  as  soon  as  they  have  broken  from  their 
moorings.  These  restrictions  have  been  ruthlessly  violated 
by  the  Germans,  mines  have  been  freely  sown  in  all  waters 
and  fairways  accessible  to  them,  and  many  merchant 
vessels  have  been  sunk  in  consequence — not  only  British 
ships,  but  those  of  neutrals.  Much  ingenuity  has  been 
exercised  in  dealing  with  these  pests.  The  method  in  vogue 
for  rendering  harmless  mines,  stationary  and  floating,  is 
sweeping,  carried  out  by  patrols  in  harbours  and  fairways. 
So  far  as  merchant  ships  are  concerned,  the  risks  of  mines 
exist  anywhere  in  routes  and  channels  frequented  by  them. 
They  are  dropped  by  submarines.  When  the  ‘‘  look-out  ” 
detects  a  mine  floating  on  the  surface  or  submerged — moored 
mine — it  may  be  exploded  by  a  shot  from  the  ship.  The 
three-pounder  Hotchkiss  is  a  useful  weapon  for  this  purpose. 
Moored  mines  in  the  danger  zone  are  sinister  things,  and  for 
some  time  an  ingenious  contrivance,  the  paravane,  invented 
by  Commander  Burney,  has  been  of  use  in  dealing  with 
them.  It  is  a  cunning  machine,  in  shape  like  a  shark 
(Fig.  1 10).  It  is  sometimes  called  the  Otter,  or  Dolphin.  The 
paravane  has  a  rounded  head  and  elongated  body,  and  a 
tail  with  two  sets  of  vanes  at  right  angles  to  each  other. 
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It  has  two  broad  pectoral  fins,  resembling  the  vanes  of  an 
aeroplane,  and  duly  weighted  with  sinkers.  The  head  of  the 
paravane  has  a  pair  of  jaws  armed  with  interlocking  teeth. 
The  jaws  are  moved  by  an  internal  mechanism.  There  are 
rings  and  shackles  by  which  wire  cables'fix  the  machine  to 


Fig.  110.  Paravane.  The  lower  figure  shows  the  cutting  jaws. 
(L.  Cope  Cornford,  The  Paravane  Adventure,  1919). 


the  bow  of  the  ship.  When  a  pair  of  paravanes  are  dropped 
overboard  they  dive  like  fishes  to  an  assigned  depth  and 
then  swim  alongside  the  ship,  the  cables  picking  up  and 
conducting  the  chain  of  a  moored  mine  into  their  jaws, 
where  it  is  bitten  in  two  and  the  mine  set  free.  The  sailors 
and  marines  watch  the  mine  float  out  to  a  safe  distance, 
and  then  sink  it  by  rifle-fire  or  with  the  Hotchkiss  gun. 
The  paravane  has  proved  itself  useful  in  practice ;  it  takes 
to  water  like  a  fish  and  seems  to  be  in  its  proper  element. 

In  1918,  the  British  and  American  mining  squadrons 
laid  70,000  in  the  North  Sea  between  the  Orkneys  and 
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Norway.  The  width  of  the  sea  between  Norway  and 
Scotland  is  250  miles,  and  the  area  mined  was  about  6000 
sq.  m.  The  removal  of  the  mines  was  a  more  remarkable 
achievement  {National  Geographic  Magazine,  1919—20). 

The  Middle  Watch 

Midnight  till  4  a.m. — the  middle  watch — in  mid- Atlantic,  in 
May,  has  a  charm  of  its  own  as  we  watch  the  dawn  of  another 
day.  Who  can  tell  what  it  will  bring  ?  The  officers  of 
the  watch  entertain  strong  opinions  that  the  mysterious  and 
uncertain  light  marking  the  departure  of  night  and  indi¬ 
cating  the  dawn  is  favourable  for  U-boats  engaged  in  stalking 
and  destroying  merchant  ships.  There  is  also  a  belief  that 
in  the  uncertain  light  of  the  dawn  there  are  more  collisions  at 
sea  than  at  any  other  period  of  equal  length  throughout 
the  day.  The  diffused  light  produces  an  appearance  very 
puzzling  to  the  watchers,  whose  eyes  have  been  adjusted  for 
some  hours  to  darkness.  It  is  a  matter  of  common  experience 
that,  on  suddenly  passing  from  a  well-lighted  room  into  the 
dark  many  stumble  until  their  eyes  have  become  accustomed 
to  the  change.  Officers  whose  duty  it  is  to  hunt  submarines 
and  those  who  protect  ships  from  submarine  attacks  are 
always  extremely  vigilant  in  the  morning  twilight.  Also, 
the  fantastic  disfigurement  of  ships  (which  has  been  described) 
is  more  protective  at  this  period  of  the  day  than  at  any 
other.  Although  the  dawn  produces  such  deceitful  appear¬ 
ances  on  the  water  that  it  is  easy  to  miss  objects  flush  with 
the  surface,  it  is  the  U-boat’s  opportunity.  However  badly 
the  ships  may  be  disfigured  with  paint,  funnels  and  masts 
indicate  the  position  of  ships  as  surely  as  steeples  in  the 
landscape  mark  the  situation  of  churches. 

Lights  at  Sea 

In  normal  times  it  is  interesting  to  keep  an  officer  company 
on  the  bridge  at  night  and  look  out  for  ships’  lights.  In 
the  danger  zone  at  the  present  time  vessels  move  about 
without  masthead  or  bow  lights.  Any  one  who  has  enjoyed 
the  privilege  of  watching  from  the  bridge  has  occasionally 
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seen  what  he  believed  to  be  a  ship’s  light  ahead,  and,  after 
an  interval,  has  been  astonished  to  find  the  light  high  in  the 
sky  !  The  supposed  ship’s  light  was,  in  reality,  a  star  of 
the  first  magnitude,  like  Spica  or  Aldebaran  rising.  Some¬ 
times  it  is  a  planet.  Officers  on  the  bridge  occasionally  make 
this  mistake,  and,  in  some  circumstances,  it  is  unavoidable. 
An  officer  of  experience  on  patrol  duty  in  the  North  Sea  told 
me  that  such  an  error  is  now  often  made,  and  the  cruiser 
chases  a  light,  to  find  it  gradually  rise  higher  and  higher  and 
then  transform  itself  into  a  star.  Even  the  rising  moon  has 
been  chased  in  this  way.  One  night  the  Northern  Lights  were 
so  bright  that  the  convoy  was  illuminated  as  if  in  moonshine. 
The  Aurora,  like  a  broad  arc  of  light,  stretched  over  the 
northern  sector  of  the  sky,  and  bright  bands  of  pale  pink 
radiance  shot  upwards  from  its  convexity  to  the  zenith.  It 
persisted  for  twenty  minutes. 

Whilst  the  middle  watch  in  mid-Atlantic  was  being  kept 
the  subjoined  lines  on  the  Zodiac  were  set  down  : — 

The  Zodiac 

This  circle  astronomical, 

Has  twelve  signs  mythological ; 

Each  is  a  mansion  for  the  sun, 

As  its  annual  course  is  run ; 

And  all  the  signs  will  here  be  found. 

The  way  in  which  the  sun  goes  round. 

T  Ram,  by  Jupiter  set  in  the  sky, 

8  Bull  with  Aldebaran  for  an  eye  : 
n  Twins,  Castor  and  Pollux,  Leda’s  sons, 

35  Crab,  with  its  ten  legs,  that  sideways  runs ; 

Q  Lion,  well  starr’d  in  his  tail  and  mane, 
h]^  Virgin  holding  a  spike  of  ripe  grain; 

Scales  evenly  balanced,  free  from  flaws, 

Tiji  Scorpion  with  jointed  tail  and  claws ; 

^  Archer,  wild  beast,  half  horse,  half  man, 

1"^  He  Goat,  bearded  and  horned,  like  Pan ; 

CA-;  Water-Pourer,  bodes  rain  and  hail, 

K  And  Fishes  two  tied  by  the  tail. 
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THE  TALE  OF  A  CONVOY  {continued) 

Engineers 

These  men  control  the  mighty  power  of  steamships,  and 
their  work  is  carried  on  out  of  sight  in  the  depths  of  the  vessel. 
In  order  to  appreciate  the  engineers,  it  is  necessary  to  enter 
their  department  down  slippery  steel  ladders,  along  galleries 
as  slippery  and  as  uninviting  as  the  gratings  over  London 
areas.  The  visitor  is  thoughtfully  supplied  with  a  handful  of 
cotton-waste  (the  insignia  of  the  engineer’s  department)  as  a 
protection  against  grease.  By  steep  descents  we  enter  the 
engine-room,  where  mighty  cranks,  for  hours  and  for  days, 
are  ‘‘  toiling  on,  and  on,  and  on,”  in  obedience  to  the  relentless 
pressure  of  steam,  born  in  huge  boilers  supplied  by  many 
furnaces.  In  the  Columbella  there  were  thirteen  boilers, 
supplied  by  thirty-nine  furnaces.  The  amount  of  coal  big 
ships  consume  in  a  day  is  astounding.  The  Mauretania, 
running  at  full  speed,  requires  1200  tons  of  good  coal  daily. 
In  the  engine-room  the  clank  of  machinery  overpowers 
everything.  The  smell  of  oil  is  secondary.  The  deliberate 
movements  of  the  cranks,  that  make  the  shafts  rotate, 
suggest  judges  nodding  acquiescence  to  counsel.  The  fussy 
machinery  producing  energy  for  electric  light  calls  to 
mind  ill-advised  interpolations  of  a  disappointed  barrister 
for  the  defence  when  the  judge  calls  him  to  order.  The  air- 
pumps,  condensers,  pressure-gauges,  fans,  pistons,  and  refri¬ 
gerating  engines  are  bewildering,  but  we  feel  assured  that 
everything  has  some  use,  like  vestigial  organs  in  orchids 
and  in  the  human  body.  Pressure-gauges,  telegraphs,  and 
starting-gear  are  in  the  immediate  vicinity  of  the  engineer 
on  duty,  ready  for  any  signal  from  the  bridge,  to  stop,  go 
astern,  or  alter  speed,  according  to  need. 

The  watchful  ear  of  the  engineer  detects  any  hiss  that 
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indicates  a  leak  in  a  steam -pipe,  or  joint,  a  loose  stuffing,  or 
a  heated  bearing.  The  engines  and  gauges  are  as  closely 
watched  by  engineers  as  engineers  are  watched,  or  have  their 
temperatures  taken,  when  sick,  by  trained  and  devoted 
nurses.  From  the  oily,  smelly  orderliness  of  the  engine- 
room  we  enter  the  boiler-room.  The  two  departments  are 
separated  by  water-tight  doors.  No  chances  are  taken. 
Submarines  and  mines  strike  ships  with  suddenness,  and 
preferably  in  a  vital  part,  which  is  the  engine-room.  Flood¬ 
ing  of  the  engine-room  soon  leads  to  destruction  of  the 
ship. 

Retribution  for  errors  of  duty,  or  errors  of  judgment, 
comes  quickly  to  the  engineer.  Machinery  shows  no  mercy 
for  neglect.  A  relentless  blow  on  the  head  of  a  careless 
engineer  from  a  broken  piston-rod  leaves  no  time  for  regret 
and  none  for  apology.  The  sudden  flooding  of  an  engine- 
room  with  superheated  steam  from  a  steam-pipe  burst  by 
a  shell  may  flay  half  a  dozen  men  in  as  many  seconds.  When 
the  rattler  gives  warning  of  a  submarine  attack  sailors  rush 
to  stations  and  man  the  boats ;  gunners  stand  by  the  guns ; 
firemen  stick  to  the  furnaces.  Engineers  stand  by  engines ; 
on  their  skill  in  keeping  the  engines  going  and  the  steering 
gear  in  order  the  safety  of  the  ship  depends.  If  engineers 
or  firemen  fail  in  their  duty  the  ship  may  be  lost.  In  an 
action,  whether  a  raider  is  engaged,  or  a  submarine,  or  in  a 
general  action,  the  commander  depends  on  the  prompt 
obedience  to  the  bridge  telegraph,  as  in  a  pleasure  trip,  or  at 
manoeuvres.  He  gets  it. 

An  engineer  deserting  his  post  in  time  of  danger  is  as 
guilty  of  cowardice  in  the  face  of  the  enemy  as  an  officer 
who  skulks  in  the  trench  whilst  his  company  goes  over  the 
top.  In  the  Mercantile  Marine  the  honour  of  the  Navy  is 
as  worthily  upheld  by  engineers  and  firemen  as  by  gunners 
and  sailors. 

It  requires  some  trouble  to  appreciate  the  meaning  of 
a  million  of  anything ;  it  is  a  stupendous  number.  The 
following  calculation,  worked  out  with  the  assistance  of 
the  chief  engineer  of  the  Columbella,  may  be  interesting.  The 
twin  screws,  in  the  journey  from  West  to  East  in  which 
I  was  concerned  made  forty  to  fifty  revolutions  per  minute, 
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and  as  the  voyage  occupied  nearly  sixteen  days,  the  revolu¬ 
tions  of  the  propellers  amounted  to  nearly  one  million.  The 
thirty-nine  furnaces  consumed  1000  tons  of  coal  to  supply 
the  necessary  steam.  The  figures  are  for  the  protecting 
cruiser  only,  and  as  the  convoy  consisted  of  twenty  ships, 
and  on  part  of  the  journey  was  escorted  by  several 
destroyers  and  sloops,  these  figures  may  afford  a  faint  idea 
of  the  cost  to  the  country  entailed  in  convoying  merchant 
vessels. 


Wireless 

Each  ship  has  a  Marconi  outfit.  The  public  occasionally 
picks  up  odds  and  ends  concerning  the  excellent  service  the 
wireless  operator  renders  to  warships  and  merchantmen. 
The  “  wireless  ”  room  (a  misnomer,  for  it  is  full  of  wires)  is 
occupied  day  and  night.  The  operators  take  spells  of  duty, 
or  watches,  like  ship  officers  in  general,  and  the  captain  of 
the  escort  is  receiving  messages,  which  are  withdrawn  from 
the  atmosphere,  and  deciphered  and  decoded  day  and  night. 
“  The  air  is  full  of  rumours,”  so  runs  an  old  saying,  but 
to-day  it  is  full  of  messages. 

In  a  convoy  the  wireless  operator  is  indispensable,  and 
as  I  knew  that  the  ships  were  well  equipped  in  this  respect, 
it  seemed  to  me  odd  that  so  much  troublesome  hand¬ 
signalling  should  go  on  when  wireless  was  available.  The 
explanation  is  obvious  on  reflection.  In  the  conduct  of  a 
convoy  it  is  necessary  to  maintain  the  utmost  secrecy  in 
regard  to  its  position.  The  wireless  operators  associated 
with  a  convoy  pick  up  messages,  but  emit  few.  Messages 
regarding  the  fighting  in  France  were  caught,  and  the 
brilliant  naval  exploit  in  Zeebrugge  Harbour  came  as  a 
delightful  surprise. 

The  operator  occasionally  listens  to  electrical  storms ; 
peculiar  snappings  are  heard ;  these  indicate  electrical 
discharges  in  the  clouds,  sometimes  six  hours  before  a  thun¬ 
derstorm  bursts.  Warnings  of  such  storms  are  rare. 

One  day,  a  message  was  received  from  Newfoundland 
giving  the  location  of  two  icebergs,  one  of  gigantic  size.  They 
were  in  the  track  of  the  convoy.  The  look-out  detected 
them,  fortunately,  at  a  distance,  and  beautiful  objects  they 
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seemed,  with  the  sun  shining  on  their  pinnaeles.  A  third 
was  seen  shrouded  in  fog. 

Strict  economy  in  sending  wireless  messages  from  ships 
in  convoy  is  very  necessary  since  the  discovery  of  means 
by  which  the  direction  of  a  message  can  be  determined  and 
the  position  of  the  ship  from  which  it  was  emitted.  Direction 
finders  are  of  use  in  thick  fogs,  and  such  an  instrument  on  a 
lighthouse  can  give  a  ship  at  sea  its  position,  and  thus  render 
it  great  service  in  thick  weather.  In  convoys  the  ships 
are  not  allowed  to  converse  with  each  other  by  wireless.  All 
messages  must  go  through  the  escort. 

Wind  in  no  way  influences  Marconi  waves ;  wireless 
messages  come  and  go  uninfluenced  by  raging  storms. 


CHAPTER  XXXIX 


THE  TALE  OF  A  CONVOY  {concluded) 

Destroyers 

In  all,  18,000  non-combatants  were  slaughtered 
in  merchant  ships  by  German  submarines 
{Admiral  Jellicoe's  estimate^  1919). 

On  a  fine  morning,  with  the  convoy  within  twenty-four 
hours  of  the  rendezvous,  signals  were  sent  to  the  effect  that 
a  submarine  had  been  sighted  by  one  of  the  ships.  The 
effect  of  this  message  soon  became  manifest ;  there  was  no 
straggling,  and  a  few  hours  later  I  had  an  opportunity  of 
studying  an  example  of  science  in  practice,  which  always 
interests  thoughtful  men.  As  a  boy  I  read  with  keen  interest 
Herschel’s  admirable  Discourse  on  the  Study  of  Natural 
Philosophy  (1846),  especially  the  section  where  he  draws 
attention  to  the  fact  that  a  man,  by  taking  observations  of 
certain  celestial  objects  with  a  little  portable  instrument 
held  in  his  hand  and  applied  to  his  eye,  even  with  so  unstable 
a  footing  as  the  deck  of  a  ship,  can  say  positively  within 
five  miles  where  he  is  on  a  boundless  ocean.  The  alternative 
of  life  and  death,  wealth  and  ruin,  are  daily  staked  with 
perfect  confidence  on  these  marvellous  computations. 

For  every  convoy  a  rendezvous  is  appointed  and  stated 
in  precise  terms.  There  is  nothing  to  mark  its  position  in 
the  form  of  land,  rock,  buoy,  or  lighthouse — merely  a  pencil- 
mark  on  a  chart.  The  convoy  had  been  many  days  at  sea 
when,  in  the  course  of  the  morning,  a  wireless  was  received 
by  the  Columhella  asking  for  its  position,  and  giving  in 
return  the  position  of  the  destroyers.  An  answer  was  sent. 
On  receipt  of  the  message  that  a  submarine  had  been  seen  the 
course  of  the  convoy  was  altered.  At  noon  a  wireless  was 
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sent  out  to  the  destroyers  giving  our  new  position.  The 
navigating  officer  furnished  the  captain  with  data  which 
led  him  to  decide  that,  if  the  course  had  not  been  altered,  the 
destroyers  would  have  joined  the  convoy  at  5.30  p.m.,  but 
the  alteration  would  delay  their  arrival  till  6  p.m.  I  took  a 
deep  interest  in  this  matter.  Exactly  at  six  smoke  smudges 
appeared  on  the  horizon  in  the  precise  direction  the  captain 
expected  the  escort,  and  gradually  the  smudges  took  the 
shape  of  destroyers ;  a  few  minutes  later  we  were  receiving 
their  signals.  This  neat  work  pleased  me  immensely.  Verily, 
position-finding  at  sea  is  a  fine  art.  The  decision  was 
made  with  the  same  precision  as  when  a  good  surgeon 
divides  the  tissues  and  picks  up  a  lingual  artery,  or  an  ulnar 
nerve. 

Whilst  the  officers  were  receiving  signals  from  the  de¬ 
stroyers  the  bo’s’n  had  arranged  for  the  despatches.  Ships 
in  the  danger  zone  never  stop  to  give  the  submarine  a  chance. 
The  fog-buoy,  with  a  metal  tube  containing  reports  attached 
to  it,  is  floated  astern.  The  leading  destroyer  follows  and 
picks  up  the  rope  with  a  grappling,  recovers  the  tube,  and 
attaches  the  instructions  for  the  cruiser  to  the  fog-buoy 
and  casts  it  into  the  sea.  It  is  drawn  in  by  the  cruiser.  I 
was  amused  to  find  that  the  papers  were  enclosed  in  a 
‘‘  baccy-tin  ”  ;  they  were  dry. 

I  watched  the  destroyer  approaching  the  cruiser  astern 
as  her  bows  dipped  in  the  sea  and  rose  again  in  the  haze ; 
the  sharp  line  of  her  bows  and  the  bilateral  hawse-pipes 
made  her  look  like  a  chimera  (Fig.  Ill)  progressing  through 
the  water,  stern  and  dignified,  as  a  sea-god. 

In  contrast  to  this  grave  dignity  a  comic  scene  was  being 
acted  on  the  bridge  of  the  destroyer.  The  two  arms  of  the 
semaphore  were  wagging  right  and  left,  upwards  and  down¬ 
wards,  like  the  movable  arms  of  a  toy  soldier  when  an 
impatient  child  viciously  pulls  the  strings.  The  semaphore 
was  spelling  letters  at  the  rate  of  thirty  per  minute.  The 
message  transmitted,  the  destroyers  and  sloops  went  to 
stations,  but  it  was  an  intense  relief  to  the  convoy  to  receive 
the  escort  twelve  hours  in  advance  of  expectation. 

After  a  few  hours’  sound  sleep  I  went  on  the  bridge  at 
morning  watch ;  the  destroyers  were  nosing  their  way  through 
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the  waves  like  beagles  working  among  grass  and  heather. 
The  sloops  Sweetbriar  and  Convolvulus  were  as  active  as 
grasshoppers,  and  looked  as  gaudy  as  if  covered  with  chintz. 
Twenty  hours  later  the  value  of  destroyers  was  amply 
demonstrated.  The  convoy  was  in  a  position  notoriously 
favourable  for  U-boats  when  the  captain  received  a  signal 
from  one  of  the  ships  indicating  the  presence  of  a  submarine. 
Two  minutes  later  the  next  ship  in  sequence  on  the  same 
line  sent  the  same  message.  Off  dashed  two  destroyers 


Fig.  111. — Chimera  monstrosa. 


with  the  speed  of  trains  to  the  spot  indicated.  In  three 
minutes  a  loud  explosion  followed  and  shook  the  cruiser 
violently ;  there  was  a  fierce  upheaval  of  water  in  the 
vicinity  of  the  destroyers,  then  another  and  another.  These 
were  depth-charges.  Seven  in  all  were  exploded,  and  the 
convoy  closed  up. 

So  violent  was  the  first  depth-charge,  though  it  was 
exploded  at  a  distance  of  nearly  two  miles,  that  the  captain 
of  the  cruiser  anxiously  looked  along  the  ship,  port  and 
starboard,  fearing  that  the  Columbella  had  been  hit  by  a 
torpedo  !  An  hour  later  the  convoy  closed  up  much  as  a 
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flock  of  sheep  congregates  around  the  shepherd.  The  sea 
was  like  Loch  Katrine,  blue, 

“  When  mildly  and  softly  the  western  breeze 
Just  kiss’d  the  lake,  just  stirred  the  trees,” 

and  two  puffins,  or  sea-parrots,  with  their  painted  beaks 
and  spring  plumage,  were  enjoying  themselves  in  the  water 
entirely  unconscious  of  the  dreadful  things  going  on  around. 

Job’s  Comforters 

Once  a  week  there  was  boat  drill  on  the  Columbella.  Posted 

up  on  the  ship  was  the  following  report  from  Admiral - to 

this  effect  :  ''  Before  taking  up  convoy  duty  the  vessel 

belonged  to  the - Cruiser  Squadron,  which  had  been  for 

twenty-one  months  on  patrol  duty  in  the  North  Sea.  During 
that  period  the  squadron  intercepted  and  boarded  over 
5000  ships  in  all  weathers,  day  and  night,  often  under  danger¬ 
ous  and  difficult  circumstances,  and  showing  in  every  circum¬ 
stance  seamanship  and  courage.”  I  had  just  read  this 
report  when  the  bugle  sounded  for  boat  drill,  and  went  to 
station.  The  officer  in  charge  offered  me  a  choice,  so  I 
selected  the  small  boarding  boat.  When  first  aid  was 
rendered  to  the  cook’s  mate  this  boat  was  lowered,  and, 
having  some  practical  experience  of  ropes,  the  simplicity 
of  the  tackle  appealed  to  me ;  moreover,  this  boat  had  a 
propeller  driven  by  a  small  motor.  Whilst  standing  by  the 
boat,  I  listened  to  the  following  advice  :  ‘‘  Mind  your  life¬ 
belt  has  got  good  strings,  the  water  makes  ’em  rotten,  then 
they  breaks,  and  then,  where  are  yer  !  ” 

The  surgeon  placed  some  splints,  dressings,  and  antiseptics 
in  the  boat,  remarking  to  me  :  These  things  may  be  neces¬ 
sary,  the  Huns  sometimes  Are  on  men  after  they  get  afloat, 
and  if  they  happen  to  wound  any  one  they  don’t  take  the 
trouble  to  supply  dressings.” 

An  officer  standing  near,  pointing  at  the  cold,  lumpy  sea, 
said  :  If  we  can  keep  in  the  boat,  all  well  and  good,  but 
if  we  tip  into  the  sea,  well  (shrugging  his  shoulders),  five 
minutes  in  that  cold  water  will  be  enough  for  me.” 

Another  warned  me  to  keep  the  life-belt  well  up  under 
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the  armpits ;  it  has  a  tendency  to  slip  down.  He  assured 
me  that  on  one  occasion,  when  a  ship  had  been  sunk  by 
a  submarine,  some  of  the  belts  had  slipped  down,  and  the 
men  were  floating  with  their  heads  submerged  and  their 
feet  above  the  water.  The  bugle  sounded  “  Dismiss.”  I 
felt  relieved. 

On  Saving  Life  at  Sea 

The  observations  set  down  in  these  pages  serve  to  demon¬ 
strate  the  energy  and  persistent  watchfulness  required  effec¬ 
tively  to  protect  convoys.  The  work  done  by  the  Navy 
and  the  R.N.V.R.  in  this  matter  is  beyond  all  praise.  Nothing 
impressed  me  more  during  my  stay  on  the  Columbella  than 
the  promptness  and  smartness  with  which  orders  are  exe¬ 
cuted,  and  the  unquestioned  obedience.  A  gunner,  sailor,  or 
steward  may  inwardly  curse  some  job  he  is  set  to  perform, 
but  his  face  is  as  unimpressionable  as  a  mask.  This  is  the 
way  in  the  Navy,  and  is  carried  from  the  bridge  throughout 
the  ship  to  the  man  who  oils  the  bearings  in  the  shaft  tunnel, 
where  the  monotony  of  his  greasy  labours  is  relieved  by  the 
occasional  swish  of  water  leaking  at  the  junction  of  the  shaft 
with  the  propeller.  One  morning  I  descended  and  paid 
him  a  visit  in  his  retreat,  and  on  regaining  the  deck  felt  like 
Ulysses  returning  to  the  upper  world. 

There  is  a  matter  connected  with  the  merchant  service 
that  is  worth  serious  consideration.  Enormous  sums  of 
money  are  spent  on  ships  to  make  them  speedy,  safe,  com¬ 
modious,  and  attractive  for  passengers.  Great  ingenuity  is 
exercised  to  increase  the  carrying  capacity  of  cargo  ships 
and  enable  the  owners  to  become  richer,  but  little  con¬ 
sideration  is  given  to  make  the  quarters  for  sailors,  firemen, 
and  stewards  comfortable.  Above  all  things,  attention 
and  energy  should  be  directed  to  improve  the  methods  for 
affording  adequate  means  of  escape  from  a  sinking  ship. 

County  Councils  and  similar  bodies  have  established 
admirable  schemes  for  saving  life  from  fire,  and  insist 
on  proper  arrangements  in  public  buildings  for  affording 
means  by  which  women,  children,  and  men  can  escape.  The 
means  of  escaping  from  sinking  ships  are  very  primitive. 
The  methods  of  lowering  boats  are  complicated  and  dangerous. 
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There  are  Spartans  among  us  who  boast  that  they  break 
the  ice  in  mid-winter  and  plunge  into  cold  water  daily,  and 
pretend  to  like  it.  They  do  not  enjoy  this  cold  plunge,  and 
it  is  never  more  than  a  dip.  For  men  and  delicate  women  to 
sit  for  hours  in  a  boat  with  their  lower  limbs  in  icy  water 
and  their  ill-clothed  bodies  soaked  with  rain,  or  spray,  is  a 
fearful  way  to  die.  Among  Western  nations  death  by 
burning  is  regarded  as  the  most  horrible  mode  of  dying. 
Imagination  has  conjured  up  a  dreadful  place  where  human 
souls  are  perpetually  exposed  to  the  torture  of  flames. 
In  Tibet,  a  plateau  14,000  feet  above  sea  level,  a  country  of 
perpetual  cold,  the  Lamas  preach  the  existence  of  two  classes 
of  hells — hot  hells  and  cold  hells.  It  is  the  cold  hell  that 
the  Tibetans  dread  most ;  the  punishment  consists  in  the 
constant  immersion  of  the  naked  body  in  ice  and  glacier 
water.  This  produces  chilblains.  The  flesh  falls  away  from 
the  bones  as  do  the  petals  from  the  lotus.  The  sores  left 
by  the  sloughing  of  the  flesh  are  perpetually  pecked  and 
gnawed  by  birds  and  insects  with  iron  beaks.  Everlasting 
torments  are  figments  of  the  imagination.  It  is  too  true 
that  human  beings,  escaping  from  torpedoed  ships  many 
miles  from  land,  are  exposed  in  open  boats  to  sufferings 
from  cold,  mental  agony,  and  bodily  misery  which  no  pen 
can  describe.  These  things  are  endured  by  bold  seamen, 
engineers,  and  firemen,  and  in  spite  of  them  brave  men  still 
go  to  sea. 

If  some  of  the  many  clever  and  ingenious  men  who,  at 
the  present  time,  are  devoting  their  energies  to  inventing 
means  for  destroying  life,  in  what  is  euphemistically  called 
legitimate  warfare,  would  turn  their  attention  to  devising 
means  for  enabling  men  to  escape  from  sinking  ships  easily 
and  safely,  they  would  earn  the  gratitude  of  thousands  of 
brave,  long-suffering  seamen. 

Always  have  I  held  the  Royal  Navy  in  deep  respect,  and 
my  voyage  with  a  cruiser  on  active  service  has  deepened  that 
respect,  and  the  simple  request,  Give  us  this  day  our  daily 
bread,  has  for  me  an  intensified  significance. 
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ib. ;  Guy  Fawkes  conspirators,  ib. ; 
drawing  and  quartering,  ib. ;  Ty¬ 
burn  tree,  ib. ;  rooks  of  Connaught 
Square,  ib. ;  atrocities  of  Glen- 
dower’s  Welsh,  ib.  and  230 ;  Shake¬ 
speare’s  allusion  to,  ib. ;  Wars  of 
Roses  and  fate  of  Earl  of  Salisbury, 
230 ;  civilised  care  of  dead,  ib. ; 
otters  practise  mutilation,  ib.  and 
231 ;  baculum  of  squirrels  and 
mutilated  baculum  of  otters,  230, 
231;  and  of  seal,  231;  specimens 
at  Roy.  Coll.  Surg.  Eng.  Mus.  of 
otter  mutilation  and  Skopski  muti¬ 
lation,  229,  231 

Auricles,  wounds  of,  139 

Bacilli,  clumps  of,  as  nuclei,  112 

Baillie’s  Morbid  Anatomy,  127 

Balanitis,  217-8 

Bassoon  and  earthworms.  See  Blind 
guided  by  vibration. 

“  Belly  and  the  Members  ”  {Corio- 
lanus),  125 

Bible,  medicine  of,  245,  etc. ;  pesti¬ 
lence  and  plague  indistinguishable, 
245;  David  punished  by  a  three- 
days’  pestilence  (also  called  plague), 
245-6;  extreme  rapidity  of  its 
onset,  246;  bacteriology,  ib.;  air¬ 
borne  diseases — typhus,  small-pox, 
epidemic  cerebro -spinal  meningitis, 
and  influenza,  ib. ;  bubonic  plague 
in  India,  how  conveyed,  247 ; 
high  mortality  of,  ib. ;  Philistine 
epidemic,  in  connection  with  cap¬ 
ture  of  Ark,  doubtless  B.P., 
247-8;  “  emerods,”  ib.;  mice,  ; 
rats,  mice,  and  B.P.,  248;  pneu- 
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monic  plague,  ib. ;  Sennacherib’s 
army  attacked,  ib. ;  Egyptian 
“plague  of  flies,”  248-9;  flies  as 
disseminators  of  disease,  249;  sleep¬ 
ing-sickness  and  tsetse  fly,  ib. ; 
plague  of  “  murrain  ”  and  of  “  boils 
and  blains,”  ib. ;  bacterial  origin, 
ib. ;  small-pox  in  East,  ib.  and  250 ; 
“  tenth  plague  ”  and  flies,  250 ;  sum¬ 
mer  diarrhoea  of  children  and  flies, 
ib. ;  epidemic  of,  in  Cairo  (1909), 
ib. ;  identical  with  “tenth  plague,” 
ib, ;  Moses’  sanitary  arrange¬ 
ments,  ib. ;  plagues  of  Egypt, 
ancient  and  modern,  251 ;  super¬ 
stitions  as  to  cause  of,  ib. ;  winged 
messengers — lice,  flies,  etc.,  ib.  See 
also  Apocryphal  miracle,  leprosy, 
maternal  impressions,  nervous 
system. 

“  Bible  ”  of  ox,  94 

Biceps  foramen,  4-5 

Blind  guided  by  vibration,  270 ;  case 
of  Ahijah  and  wife  of  Jeroboam, 
ib. ;  case  of  Darwin’s  earthworms, 
ib. ;  and  the  bassoon,  ib. 

Bone,  circulation  of  blood  in,  206; 
growth  of,  see  Madder. 

Bones, 

Atlas,  67,  69,  70 
Axis,  68,  69,  70 
Clavicle,  40,  41,  43 
Epipubes,  51 
Epistemal,  41 
Marsupial,  51 
Odontoid,  66,  69,  70 
Scapula,  40,  41,  42 
Vertebrae,  67 

Bowels,  mentality  of,  124 

Bullets  of  7  mm.  revolver,  147-8; 
not  found,  148 

Bull-ring,  science  of,  232,  etc. ;  art 
of  espada  or  matador  in  its  ana¬ 
tomical  aspect,  ib. ;  exactness  of 
fatal  sword-stroke,  ib.  and  233 ; 
narrow  area  receiving  it,  232-3 ; 
object  of  bull-fighters  to  induce 
bull  to  place  forefeet  close  together, 
232;  object  of  flag-play,  ib.;  horse¬ 
men  (picadors)  and  horses,  233; 
bull  with  sword  in  position,  ib. ; 
pike-play  of  picadors,  ib. ;  “  honour 
of  the  horse  ”  and  death  of  same, 
233-4;  banderilleros  exhaust  bull, 
234 ;  as  does  picador,  ib. ;  object 
of  “  horse-tragedy,”  ib. ;  misunder¬ 
stood,  ib. ;  as  also  art  of  picador, 
ib. ;  second  act  of  bull-fight,  and. 
banderilleras,  ib. ;  last  act  of  fight 
and  art  of  matador,  234-6 ;  espada 
and  mideta,  235 ;  fatal  stroke,  ib. ; 


volapie,  235-6 ;  bungling  matadors, 
236;  pmitillero  bull’s  occasional 
executioner,  ib. ;  object  of  the  whole 
fight,  ib. 

Bursa,  in  spinster,  188-9;  infracar¬ 
diac  in  foetus,  189;  omental,  ib. 

Cabman,  survival  of,  after  operation, 
108 

Caecum,  undescended,  189-91 ;  caecum 
in  embryo,  191 ;  determines  posi¬ 
tion  of  appendix,  ib.;  and  sexual 
glands,  ib. 

Calculi,  extrusion  of,  108;  bilateral, 
extrusion  witnessed,  109 ;  recurrent, 
cases  of,  109-11,  113;  iridescent, 
112;  renal,  ib.;  preputial,  217, 
etc.;  Slavonian’s  case,  218;  Solo¬ 
mon  Islanders,  219-20 

Calculous  matter,  102-3 

Caliban’s  advice,  270 

Cataract,  269;  cure  of,  270,  etc.; 
by  friction,  274;  “  couching,”  271 ; 
case  of,  in  Paris,  ib. ;  Cheselden’s 
case,  ib. ;  religious  importance 
of  restoration  of  sight,  ib.,  etc. 

Chorda  dorsalis.  See  Notochord. 

Chorionic  villi,  166,  etc. 

Chyme,  passage  of,  122,  etc. 

Circumcision,  209,  etc. ;  performed 
by  Zipporah,  209 ;  earliest  instance 
of  (Abraham  and  Ishmael),  ib. ; 
among  Egyptians,  209-10,  212; 
original  purpose  of,  among  Israel¬ 
ites,  210 ;  a  sacrament,  ib.;  “  uncir¬ 
cumcised,”  ib. ;  Ezekiel  on,  ib. ; 
Achior  and  Holof ernes,  ib. ;  Achior 
circumcised,  211;  Hivites  massa¬ 
cred,  ib. ;  Saul,  David,  and  200 
Philistines,  ib. ;  circumcision  in 
abeyance,  but  revived  by  Joshua, 
ib. ;  mock,  among  Maccabean 
Jews,  ib. ;  Maccabean  women 
martyrs  in  cause,  of  ib. ;  rescript 
of  Antoninus  forbidding,  212; 
among  modern  Jews,  ib. ;  among 
Arabs,  ib. ;  among  Egyptians, 
Javanese,  Copts,  ib.;  S.E.  Austra¬ 
lian  and  Central  Australian  tribes, 
Masai  and  Kavirondos  (Brit.  E. 
Africa)  and  tribes  of  W.  coast 
Africa,  Central  America,  Solomon 
Islanders,  Fijians,  213-14;  from 
the  ethnic  or  anthropological  and 
the  surgical  point  of  view,  214-15; 
dangers  of,  220.  See  also  Phi¬ 
mosis. 

Ciro  de  Pers  on  stone,  113 

Coccyx,  muscles  of,  8-9 

Coelomic  ostium,  172-3;  extrusion 
of  foetus  through,  180-3 
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Convoy,  talc  of,  278,  etc. ;  Britain’s 
command  of  sea,  278;  value  of 
convoys,  ih.;  zones  of  raider,  sub¬ 
marine,  and  mine,  ih. ;  dangers 
faced  by  merchantmen  and  con¬ 
voys,  ih. ;  formation  of  convoy,  and 
danger  of  including  an  enemy  ship, 
ih. ;  protective  coloration  and 
zebra  stripes,  280 ;  captains  in 
council — regulations  as  to  sailing, 
zigzag  tactics,  etc.,  280-1 ;  commo¬ 
dore  and  trained  signallers,  281 ; 
convoy  and  escort  at  sea — quaint 
zigzagging,  ih. ;  medical  aid  afloat — 
omnipotence  of  surgeons,  282; 
solar  halo,  ih. ;  escort  described, 
283 ;  young  officers  and  electric 
installation  both  important,  ih. ; 
Greenwich  mean  time  obtained  at 
sea  by  wireless,  ih. ;  firing  by 
electricity,  284;  the  bridge  des¬ 
cribed — gun-drill,  “  rattlers  ”  (to 
give  warning  of  submarines)  and 
“  depth-charges  ”  (to  destroy  them), 
ih. ;  fine  gun-practice,  gunners, 
and  ammunition-supply,  285-6; 
Hotchkiss  breech-loader,  286;  gun- 
drill  helps  to  realise  battle,  ih. ; 
signalling  and  station-keeping,  287 ; 
slow'est  ship  dictates  rate  of  speed, 
ih. ;  intervals  between  ships,  288; 
Morse-signals,  ih. ;  Sunday  at  sea, 
289;  stragglers,  ih.  and  290; 
negligence  as  to  lights,  290-1 ; 
tragic  results,  ih. ;  ruthless  viola¬ 
tion  by  Germans  of  eighth  con¬ 
vention  of  Hague  Conference  (1907), 
relating  to  mines,  292 ;  mine¬ 
sweeping,  ih. ;  risks  of  mines,  ; 
the  paravane,  292-3 ;  middle  watch, 
294;  dangerous  twilight  of  dawn, 
ih. ;  lights  at  sea,  ih. ;  stars  mis¬ 
taken  for  lights,  ih.  and  295 ;  Aurora, 
ih. ;  lines  on  zodiac,  ih. ;  engineers 
and  the  engine-room,  296,  etc.; 
huge  consumption  of  coal,  th. ; 
engineers  and  firemen  like  soldiers 
at  front,  297;  facts  and  figures 
representing  huge  expense,  298 ; 
wireless  telegraphy  and  operators, 
298-9;  icebergs  located  by  wire¬ 
less,  and  ships,  ih. ;  wireless  spar¬ 
ingly  used  for  fear  of  informing 
enemy,  ih. ;  slaughter  of  18,000 
non-combatants  by  German  sub¬ 
marines,  300 ;  science  in  practice, 
ih.  and  301;  position-finding  at 
sea  a  fine  art,  ih. ;  destroyers  reach 
convoy,  ih. ;  use  of  fog-buoy,  ih. ; 
chimaera,  301-2;  explode  depth- 
charges,  302;  boat-drill  and  fine 


work  of  escort  {Colmnhella)  in  past, 
303;  life-belts  to  be  properly  tied, 
303-4 ;  fine  work  of  Navy  and 
H.N.V.R.,  304;  spirit  actuating 
all,  ih. ;  life-saving  at  sea,  ih.  and 
305 ;  horror  of  death  by  cold,  305 ; 
means  of  escape  from  sinking 
ships  should  be  improved  by 
inventors,  ih. ;  the  glorious  Navy 
and  “  our  daily  bread,”  ih. 

Cioracoid  process^  40-3 
Cystoscopy,  recent,  104-5,  109 

Decidua,  167;  locale  of,  ih.  and  168; 

discharge  of,  from  uterus,  168 
Degeneration.  See  also  Tissues, 
osseous  and  cartilaginous,  3 
Diaphragm,  187-8;  hernia  of,  188; 

imperfections  of,  ih. 

Diet,  Caledonian,  perils  of,  91,  92 ; 
discovered  by  conservator  of 
museum,  92 

Digestion,  post-mortem,  97 
“  Dung -balls,”  92 

Ecclesiastes,  metaphor  descriptive 
of  old  age  and  death  in  Chap.  XII 
of,  269 

Electric  muscles,  84-6 

Emboli,  140,  etc. ;  whirling,  143 ; 

case  of  boy,  144;  cases,  140,  etc. 

“  Embolus,”  a  new  term,  140 
Embryo,  170;  differentiation  of  sex 
in,  157;  human,  intestinal  tract 
of,  190;  position  of  kidney  in 
human,  193-4 

Embryology,  163,  etc.;  and  descent, 
185;  and  kinship,  ih. 

Endometrium,  167 
Epiglottis,  72 

Extensors,  deep,  of  forearm,  21-3 
Eyes  and  skin  diseases,  269 

Fallopian  tubes,  165;  .gravid,  167-8, 
170,  etc.;  detention  of  oosperm  in, 
168;  axial  rotation  of  gravid,  179- 
80;  in  cats,  rabbits,  etc.,  as  com¬ 
pared  to  human  beings,  180;  preg¬ 
nancy  in,  ih. ;  Cullingworth’s 
case,  182 

Farina’s  historic  case,  128-9,  141 
Fascioe  : 

Lata,  15-16 
Lumbar,  16-18 
Palmar,  13,  14 
Pelvic,  53 
Plantar,  13,  14 
Temporal,  7 
Triangular,  51 

Fayrer’s  case  of  embolism,  140-1 
Fertilisation,  locale  of,  165 
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Fibro- cartilages  : 

Ac romio -clavicular,  41 
Meniscus,  of  birds,  69 
Sterno -clavicular,  41 ;  of  the  knee, 
25-9 

Flippers.  See  Muscles,  degenerate,  in 
legs,  wings,  and  flippers. 

Foetus,  anencephalous,  194;  how 
covered,  177,  179;  transplanted, 
179;  how  glued  in  new  situation,  ib. 
Food,  foreign  bodies  in,  101 
Foot,  pulleys  of,  30-2 
Foreign  bodies.  See  Bullets,  food, 
missiles,  pins. 

Frigidity,  sexual,  161 

Gastro-jejunostoniy,  118-23,  125 
Gestation,  extra-uterine,  164,  176, 

180,  etc. ;  causation  of,  167 
Glands,  activity  of,  and  tissue-pro¬ 
duction,  195 
Glosso-hyal  process,  75 
Gizzards,  87,  et  seq. ;  grinding,  sound 
of,  in,  87 ;  objects,  various  in,  88, 
90,  91 ;  occlusion  of,  88,  90 ;  stones 
in,  87,  88,  89;  counterfeit,  92-3  j 

Great  War,  heart  wounds  in,  142,  etc.  ! 

1 

Hair-balls,  91  : 

Haemopericardium,  135-6;  Mansell- 
Moullin’s  case,  135 
Hare,  utero-abdominal  gestation  of, 
179  I 

Head,  accessory,  vestigia  of,  199-200  | 

Heart,  cervical,  186-7;  migration  of, 
186;  in  calves,  186-7  ! 

- injuries  of,  anaesthesia  in  treat-  ; 

ment  of,  136;  operative  treatment 
of,  136-7;  sepsis,  136,  138;  sutures, 
137-8;  cases,  remarkable,  138;  i 
drainage,  ih.  I 

■ - penetrating  wounds  of,  128;  ! 

cases  of,  ih.,  etc. ;  death  after,  I 
130,  etc. 

- suffocation  of,  by  haemorrhage, 

131 

- tamponade,  134-5;  cases,  I 

- wounded,  exposure  of,  136-7; 

localisation  of  wound,  137 

• - wounds  of,  140-1 ;  suture  of 

severe,  128-9,  132;  how  located, 
132 ;  tolerated,  132-3 ;  diagnosis  of,  i 
133-4 ;  cases  in  Great  War,  142,  etc. 
Hermaphrodites,  153,  159 
Hernia,  diaphragmatic,  188 
Hernial  sacs,  contents  of,  149-50 ; 
gravid  uterus  in  sac,  150;  survival 
of  child,  ih. ;  Nores’  case,  ih. ; 
uterus  in  sac  of  boy,  154-5;  of 
man,  155,  etc. 

Horse-shoe  kidney,  194 


Hunterian  Museum,  Glasgow,  90 
Hunter’s  Essays,  54 
Hysterectomy,  inguinal,  151,  155 
Hysterocele,  150;  inguinal,  151 

Iliad,  heart-wounds  described  in,  134 
Impressions.  See  also  Maternal  im¬ 
pressions. 

Interosseous  membranes,  14-15 
Ischaemia,  144 

Jade,  114 

Jeremiah,  lamentations  of,  console  a 
patient,  107 

Kidney,  stone  in,  104-7 ;  chance  of 
life  with  one,  105;  septic,  112;  in 
human  embryo,  193-4 

- pelvic,  191-2;  in  a  woman, 

192-3;  hydronephrotic  193;  re¬ 
tained  in  hollow  of  sacrum,  ih. ; 
and  iliac  arteries  in  embryo,  194 
Knee-jerk,  3 

Knee-joint,  fibro -cartilage  of,  25-9 

Langhan’s  cells,  166 
Legs.  See  also  Muscles,  degenerate, 
in  legs. 

Leopold’s  case,  176-7 
Leprosy,  252,  etc. ;  Biblical  leprosy 
not  identical  with  modern,  252 ; 
antiquity  of  leprosy,  ih. ;  in  ancient 
Egypt,  ih. ;  in  Europe  in  Middle  Ages, 
modern  times,  ih. ;  in  East  (India), 
South  Sea  Islands,  etc.,  ih. ;  leper 
houses  in  mediaeval  Europe,  ih. ; 
disease  lingered  in  Shetlands,  ih. ; 
recent  increase  of  leprosy  in  Paris, 
ih. ;  original  spread  of  leprosy,  ih. 
and  253 ;  crusaders,  253 ;  segregation 
of  lepers,  Levitical  and  Christian, 
ih. ;  priests  diagnosed  by  rule  of 
thumb,  ih. ;  only  true  test  of  leprosy 
bacterial,  ih. ;  B.  Leprae  (Han¬ 
sen’s  bacillus),  ih.;  Mosaic  classi¬ 
fication  of  camp  diseases,  ih. ; 
elephantiasis  grsecorum,  ih. ;  mode 
of  infection,  old  views  as  to,  ih. 
and  254;  conveyed  by  insects, 
especially  bed-bugs,  254;  case  of 
Basuto  leper,  ih. ;  rats  infected,  ih. ; 
Paris  sewer  rats,  ih. ;  animals, 
nodular  diseases  of,  ih. ;  progressive 
stages  of  leprosy,  ih. ;  eyes,  hands, 
and  feet  attacked,  ih. ;  Kipling 
on  a  leper,  ih.  and  255;  chronicity 
of  leprosy,  cases  of,  255;  leprosy 
by  contact,  ih. ;  signs  of  leprosy 
unmistakable,  ih. ;  blind  and  lame 
lepers  not  mentioned  in  Penta¬ 
teuch,  ih. ;  leprosy  used  for  skin 
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diseases  in  Mosaic  books,  ih. ;  iso-  ! 
lation  of,  and  restrictions  on  lepers 
in  Bible,  ih, ;  case  of  Uzziah,  of 
Naaman,  of  Miriam,  ih. ;  of  Moses, 
255-6;  Geliazi,  256;  Bible  leprosy 
transmissible,  but  not  due  to  I 
syphilis,  etc.,  ih. ;  ulcers  regarded  | 
as  leprous,  ih. ;  priestly  diagnosis 
of  these,  ih. ;  Uzziah,  ih.  and  257 ; 
his  rodent  ulcer,  257 ;  leprosy 
incurable,  257 ;  leprosy  declines  as 
syphilis  advances  (15th  century),  ih.  | 
Ligaments  : 

Alar,  28  : 

Annular,  of  ankle,  31  | 

Anterior,  of  spine,  66 
Atlantal,  67 

Calcaneo-metatarsal,  23 
Check,  66,  67 

Conjugal,  66,  67  | 

Coraco-acromial,  6  i 

Coraco-humeral,  36,  38-9,  in  beaver,  i 
36  I 

Co raco -scapular,  6  I 

Costo-coracoid,  41,  43  | 

Crucial,  27  j 

Fundiforme  tarsi,  32 
Gimbernat’s,  51 
Gleno-humeral,  36 
Hyo-epiglottic,  74 
Ilio-femoral,  49,  50 
Inter-clavicular,  43 
Internal  brachial,  12 
Intervertebral,  69-70 
of  knee-joint,  25-9 
of  larynx,  71-5 
Lateral,  of  knee,  19 
Mucous,  of  knee,  28 
Plantar,  23 
Sacro-coccygeal,  9 
Sacro-sciatic,  great,  35;  small,  53 
Sling,  32 

Spheno-mandibular,  7 
Stylo -hyoid,  7 

Suspensory,  of  axis,  68;  of  fetlock, 
5-9 

Symphysial,  54 
Teres,  44-7 

Thyro-arytenoid,  inferior,  72 ; 
superior,  71 

Transverse,  atlas,  67 ;  humeral, 

5;  scapular,  6 

Ligaments,  ancestry  of,  12;  meta¬ 
morphosis  of,  1 
Limbs,  deep  fasciae  of,  15-16 
Live  prey,  98 

Madder  in  study  of  growth  of  bone, 
206-8;  Belchier’s  and  Bland- 
Sutton’s  experiments,  ih. ;  l)u- 
hamel’s  and  Hunter’s,  206 


Man,  descent  of,  22 ;  absence  of  tail  in, 
48,  53 

Mastoid  region,  199-200 ;  teeth.  See 
Teeth. 

Maternal  impressions,  264,  etc. ;  con¬ 
genital  deformities,  264;  bulls  of 
Apis,  ih. ;  Indian  deformed  cattle 
venerated,  ih. ;  deformations  and 
freaks,  ih. ;  six-toed  and  fingered 
giant  of  Gath,  ih. ;  deformations 
attributed  to  Satan,  stars,  etc.,  ih. ; 
Science  of  Moles  (1664)  and  birth¬ 
marks  of  Richard  Saunders,  ih. 
and  265;  maternal  impressions 
and  “  longings  ”  of  the  pregnant, 
265 ;  Jacob  and  the  flocks  of  Laban, 
ih.  and  266;  cases  of  hairy  Esau 
and  hairy  girl  of  Pisa,  ih. ;  mothers 
supposed  influenced  during  preg¬ 
nancy  by  pictures,  etc.,  ih. ;  nsevi 
due  to  maternal  impressions,  ih. ; 
case  of  lady  and  plum,  ih.  and  267 ; 
longings  do  not  influence  offspring 
or  produce  birthmarks,  267 ;  proved 
by  embryological  time-table  and 
case  in  point,  ih. ;  Ecclesiasticus 
on  dreams,  ih. ;  variations  in  colora¬ 
tion  hereditary,  ih.  and  268 ;  mater¬ 
nal  impressions  avoided  or  sought, 
ih. ;  maternal  impressions  a  myth, 
ih. 

Membranes,  interosseous,  14,  15 
Mercutio’s  last  speech,  131 
Metamorphosis  of  muscle  into  tendon, 
3 

Migration,  27-8;  of  muscles,  19 
Miscarriage,  cause  of,  174 
Missiles  as  emboli,  140,  etc. ;  in  ven¬ 
tricles,  141-4 ;  in  arteries,  145-7 ; 
in  aorta,  147 

Moles,  tubal,  170,  etc. ;  caused 
by  clotting  blood,  171;  in  process 
of  extrusion,  172-3;  case  of,  in 
1889  . 

Morphological  variation  in  muscle,  8 
Morphology,  4 

Muscle-cells  and  nerve-cells,  84 
Muscle-flbre,  voluntary,  2 
Muscles  : 

Adductor  magnus,  19;  metatarsi, 
8,  9 

Ambiens,  44-6,  60 
Azygos  pharyngis,  8,  9 
Biceps  femoris,  35,  36 
Coccygeus,  53 
Coraco-brachialis,  10-12 
Curvator  coccygis,  9 
Dorso-epitrochlearis,  12 
Epicoraco-humeral,  38 
Epitrocheo -anconeus,  8 
Expansor  secundariorum,  60 
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Muscles  {continued) — 

Extensor  annularis,  22;  coccygis, 
9 ;  carpi  iilnaris,  10 ;  digitorum 
brevis,  20 ;  digitorum  longus,  20, 
21;  indicis,  21-3;  minimus, 
ib. ;  secundus,  ib. 

Femora-caudal,  60 

Flexor  brevis  pollicis,  10 

Flexor  carpi  radialis  brevis,  9,  10 ; 

nlnaris  (birds),  59 
Flexors  (whales),  62,  63 
Gastrocnemius,  23,  24 
Gluteus  maximus,  16;  primus, 
33 ;  quarbus,  48,  49,  50 ; 

minimus,  50 

Hyo-epiglottideus,  74,  75 
Ilio-tibial,  16 
Interossei,  24 

Interosseus  primus  volaris,  10 
Latissimo-condyloideus,  12 
Latissimus  dorsi,  17 
Levator  costse,  17;  humeri,  38, 
39 

Palmaris  longus,  13 

Pectineus,  46 

Pectoralis  minor,  39 

Peroneo -tibialis,  15 

Peroneus  longus,  19;  tertius,  21; 

quartus,  ib. ;  quintus,  ib. 
Plantaris,  14,  60 

Pyramidalis,  35,  50,  51,  80,  81, 
83 

Quadratus,  80,  81 
Radio-carpal,  10 
Rotator  humeri,  11 
Scansorius,  48,  49 
Subclavius,  37,  38 
Tensor  fascia  femoris,  16 
Thyro-arytenoideus,  72,  73 
Trans  versalis,  17 
Triangularis  sterni,  17 
See  also  orbit,  muscles  of. 

Muscles,  of  Reptiles,  71;  metamor¬ 
phoses  of,  1-2;  into  tendon,  2-3; 
anomalous  or  supernumerary,  8 ; 
morphological  variations  in,  8,  10 ; 
migration  of,  19;  degenerate,  in 
legs,  wings,  and  flippers,  58-65 ; 
contractile  substance  of,  84 ; 

electric,  84-6 ;  electric,  of  orbit,  ib. 

“  Nephrite,”  114 
Nerve,  laryngeal,  course  of,  186 
Nerve-cells  and  muscle-cells,  84 
Nervous  system,  diseases  of,  258,  etc. ; 
in  Bible,  258 ;  cretinism,  tuberculous 
meningitis,  infantile  paralysis 

and  lameness,  ib. ;  infantile 

paralysis  due  to  ultra-microscopic 
organisms,  ib. ;  lameness  attributed 
to  carelessness  of  nurses,  ib.  and 


259 ;  case  of  Mephibosheth,  259 ; 
insanity  in  Bible,  ib.,  etc. ; 
delirium,  259;  drunkenness,  ib.; 
of  Belshazzar  and  Holofernes,  ib. ; 
Noah  and  Lot,  ib. ;  London  police 
courts  and  plea  of  irresponsibility 
of  drunkards,  ib. ;  ancient  Greek 
view,  ib. ;  endemic  drunkenness, 
260 ;  lunatic  asylums  fed  by  chronic 
alcoholism,  ib. ;  cerebrum,  diseases 
of,  various,  ib. ;  general  paralysis 
of  the  insane,  ib. ;  spirochiete,  il). ; 
St.  Vitus’s  Dance,  ib. ;  microbic 
origin,  ib. ;  suicide  rare  in  Bible, 
261 ;  Ahithophel,  ib. ;  Saul,  ib. ; 
his  persecution  mania,  ib. ;  madness 
of  Nebuchadnezzar,  ib. ;  sudden 
death,  ib. ;  due  to  fatty  degenera¬ 
tion  of  heart,  262 ;  epilepsy,  ib. ; 
in  New  Testament  and  ancient 
Rome,  ib. ;  attributed  to  evil  spirits, 
263 ;  trephining  for,  pre-historic, 
ib. ;  epilepsy  of  Teumman,  King 
of  Elam,  ib. ;  attributed  by  As¬ 
syrians  to  Ashtar  and  Ishtar,  ib. ; 
epilepsy  in  church -time,  ib. ; 
malingerers  and  David’s  feigned 
possession,  ih. ;  epilepsy  incurable, 
ib. ;  human  source  of  diseases,  ib. 
Nictitating  membrane,  77,  78,  79,  80, 
81,  82,  83 ;  artificial,  82 
Notochord,  66-70 ;  in  fishes  and 
amphibians,  68 

Oat-hair,  concretions,  91-2 
Omasum,  94-6 

Oosperm,  165;  in  an  ovary,  168;  in 
Fallopian  tube,  169-71;  missing 
Fallopian  tube  and  otherwise  en¬ 
grafted,  176 

Operation,  historic,  by  Sir  Henry 
Morris,  104 

Orbit,  muscles  of,  76-86 
Bursalis,  82,  83 

Levator  palpebrae  superioris,  78 
Rectus  superioris,  76,  77 ;  inferioris, 
76;  internus,  ;  externus, 
Nictitator,  80,  82 
Oblique,  superior,  76;  inferior,  ib. 
Orbicularis  palpebrarum,  78 
Retractor  bulbi,  78,  79 
Organ-forming  substances,  195,  etc. ; 

in  tadpoles  and  hens,  195 
Organs,  misplaced,  184,  etc. ;  missing, 
ib. ;  but  present  in  foetus,  185 
Ovaries,  right  and  left,  popular  belief 
as  to, 195 

Ovary,  secretion  in,  195 
Ovid’s  Metamorphoses,  1 
Ovum,  163-4 ;  in  Fallopian  tubes,  164 ; 
viability  of,  and  transit  of,  165 
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Paraphimosis,  216-18 
Pectoral  girdle,  40-3 
Pelvis,  degenerate  muscles  of,  48,  etc. 
Perching  and  roosting  of  birds,  45 
“  Period  of  tolerance  ”  of  anuria, 
107-8 

Phimosis,  215,  etc. ;  and  hernia,  216; 
phimosis  acquired,  216-17.  See 
also  Calculi,  preputial. 

• - hereditary,  219-20 ;  in  Solomon 

Islands,  ib. ;  in  Fiji,  220 
Physiological  Catalogue  (1833),  66 
Pins  in  vermiform  appendix,  101;  in 
Richard  II,  103 
Placenta,  166 

Pleura,  wounds  of,  135,  136,  138; 

pleural  cavity,  blood  in,  138 
Post-mortem  digestion  of  stomach, 

97 

Precoracoid  process,  40-1,  43 
Pregnancy,  “  primary  ”  abdominal, 
176-7 ;  unverified,  183 

- tubal,  167,  etc. ;  haemorrhage 

caused  by,  169-75;  death  from, 

169;  bursting  of  sac,  173; 

Lawson  Tail’s  case,  173-4;  case 

in  1889,  174;  literature,  ih.;  not 
always  fatal,  ib. ;  unrecognised, 
175 ;  classes  where  tubal  pregnancy 
occurs,  ib. ;  unknown  among  lower 
animals,  177 

— ^ — utero-abdominal,  176,  etc.; 

common  in  mammals  (lower 
animals),  177;  importance  of  long 
two-horned  uteri,  ib. ;  manner  of, 
ib. ;  Pembrey  and  Kamann’s  cases 
(rabbits),  178-9;  fatal  among 
women,  180;  Mendes  de  Leon’s 
and  Van  Tussenbroek’s  case,  181 ; 
foetus  free  from  attachments,  ib. ; 
Culling  worth’s  case  reported  on,  ib. 
and  182;  Pestalozza’s  case,  182; 
Fairbairn’s,  ib. 

Prey,  live,  of  birds  and  snakes,  98  | 

Pseudohermaphrodites,  153,  158-61  I 
Pulleys,  30  ; 

Pulque  and  pulque -drinking  in  Mexico, 
237,  etc. ;  fermented  from  maquey  ! 
(Agave  Mexicana),  237 ;  description  ; 
and  cultivation  of  maquey,  or 
pulque-plant,  237-8;  the  raspador 
tool,  aguamiel  (honey-water),  acocote 
(collecting-vessel),  and  tlachiquero 
(collector),  237-41 ;  fermentation 
and  perishable  nature  of  pulque, 
241 ;  mescal  spirit,  ib. ;  Agave 
paper,  ib. ;  Aztec  picture-writing 
on,  ib. ;  other  uses,  ib. ;  pulque  de¬ 
scribed,  ib. ;  yeast  in,  and  bacteria, 
ib. ;  odour,  taste,  and  composition, 
241-2;  pulquerias  (pulque-shops). 


242 ;  signs  and  names  of,  ib. ; 
Papantzin,  discoverer  of  pulque, 
and  his  daughter  Xochitl,  243 ;  her 
mission,  243;  Toltecs  and  Aztecs 
great  drinkers  of  pulque,  243,  as 
also  modern  working-class  Mexicans, 
ib. ;  sociological  and  physical 
effects  of  pulque -drinking,  243-4; 
legislation  controlling,  244;  agua¬ 
miel  in  inflammation  of  urinary 
organs  prescribed  by  Mexican 
physicians,  ib. ;  by  American 
physicians  in  Bright’s  Disease,  ib. ; 
Plain  of  Apam,  ib.;  Pulque  Trust 
Co.,  ib. 

Pylorus,  115-16,  122,  etc. ;  bulb  of,  91 

Quain’s  Anatomy,  71 

Radiography  and  gizzard,  87 
Regression,  3,  63 

Royal  College  of  Surgeons  of  England, 
Museum  of,  54,  56,  59,  66,  83,  91-4, 
112-13,  126-7,  172;  War  Office 
Collection,  142,  etc.,  159,  204,  217, 
229,  231 

Sarcolemna,  84 

Sepsis.  See  also  Calculi,  recurrent, 
CRDS0S  of* 

Sex,  differentiation  of,  157-8,  195 
Sexual  characters,  151-3;  secondary, 
151,  153;  frigidity,  161 
Shakespeare’s  Richard  II,  103 
Skin  diseases  and  eyes,  269 
Skull,  double,  conjoined  in  mastoid 
region,  199-200 

Slings,  30,  32-3 ;  in  birds,  32-5 
Smell,  sense  of,  270 ;  and  food-finding, 
ib. ;  in  lower  animals,  ib. ;  olfactory 
organs  developed  in  human  foetus, 
ib. ;  sense  of  smell  in  rabbits  at 
birth,  ib. 

Spencer’s  case,  128 
Spermatozoa,  163-4;  regarded  as 
parasites,  164;  viability  of,  165; 
transit  of,  ib. 

Stapes,  184 

Stomach,  self -digestion  of,  97 ;  dilated 
(“splashy  stomach”),  124;  anom¬ 
alies  in  position  of,  188;  case 
of  intra thoracic,  ib.  and  189 
Stone  in  kidney,  104,  107 
Supracondyloid  foramen,  4-5 
Suprascapular  (coracoscapular)  fora¬ 
men,  4,  6 

Supratrochlear  foramen,  4-5 
“  Surgery  of  despair,”  122 
Surgical  timidity,  113 
Symphyses,  54-7 
Syncytium,  166 
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Teeth,  mastoid,  196,  etc. ;  in  horse  at 
Alfort  Vet,  Coll.  Mus.,  196;  presence 
of  mastoid  teeth  indicated,  ih. ;  how 
removed,  198 ;  in  sheep’s  ear,  ?'6.  and 
199;  in  lamb,  199;  in  cow,  ib. 
Teleologists,  45,  47 
Tendo  Achillis,  23-4 
Tendons,  1-3,  59 
Testicles,  descent  of,  191 
Tissues,  osseous  and  cartilaginous, 
degeneration  of,  3-4,  and  ligaments, 
4.  jSee  also  Organ-forming  sub¬ 
stances. 

Toasting-fork  in  boy’s  heart,  140-1 
Tobit,  story  of.  See  Apocryphal 
Miracle. 

Tragedies,  domestic,  169 
Trophoblast,  166;  erosive  powers  of, 
166-71;  functions  of,  167-9 

Ulcers,  115-27;  duodenal,  115-16, 
125,  127;  and  cancer,  116-17; 
gastric,  117,  125;  jejunal  (peptic), 
118,  120-1;  case  of,  119;  cause 
of,  121 ;  new,  evolved  by  modern 
surgical  practice,  125;  chronic, 
126-7 

Uraemia,  108-9 


Ureter,  calculi  in,  104,  107-8 
Uterus,  penetrating  wounds  of,  132 ; 
hernia  of,  in  men,  149,  154,  etc. ;  in 
women,  149;  double  uterus,  167; 
decidua  in  uterus,  167-8 

Vein,  hepatic,  emboli  in,  143 
Vertebra,  extra,  184;  half,  185; 
missing,  ib. 

Veterinary  College,  Alfort,  Museum 
of,  196 

Vibration  and  the  blind,  270.  See 
Blind  guided  by  vibration. 

Villi,  chorionic,  166,  etc.,  170 
Viscera,  indirect  operations  on,  122-3 ; 
abdominal,  changes  in  position  of, 
191 

Vocal  chords,  false,  71 ;  true,  72-3 
Voluntary  muscle  fibre,  2 

War  Office  Collection.  See  Royal 
College  of  Surgeons. 

Whirling  emboli  in  heart,  143 
Wings.  See  also  Birds,  muscles, 
degenerate,  in  legs,  wings,  etc. 
Wood’s  muscle,  9 
Wounds,  gunshot,  140,  etc. 
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African  polecat,  12 
Agouti,  biceps  femoris  of,  35 
Alligator,  eye  of,  82 
Amphibians,  18;  subclavius  (epico- 
raco-humeral)  of,  38;  pectoral  girdle 
in,  40;  ligamentum  teres  of,  44; 
notochord  in,  68 
Amphioxus,  notochord  of,  68 
Ant-eater,  6 ;  hyo-epiglottic  ligament 
of,  74 

Antlers.  See  Fallow  deer,  wapiti. 
Apes,  extensor  muscles  of,  22 ;  tailless, 
48;  and  man,  climbing  muscle  in 
(dorso-epitrochlearis),  12 
Armadillo,  12,  14;  long  ischial  spine 
of,  53 ;  pubic  ossicle  of,  54 
Ass,  suspensory  ligament  in  fetlock 
of,  59 

Astroscopus  (star-gazer),  83 

Batrachians,  25-9;  tailed,  knee- 
joint  of,  25-6;  tailless,  knee-joint 
of,  ib. ;  menobranchus  lateralis, 
knee-joint  of,  26 
Bear,  humerus  of,  5 
Beaver,  36;  knee-joint  of,  28;  gleno¬ 
humeral  ligament  of,  36;  shoulder- 
joint  of,  37 
Biceps,  avian,  35 

Birds,  limbs  of,  15;  slings  of  mus¬ 
cular  system — biceps  of  thigh, 
32-4;  of  orbit,  35;  nictitating 
membrane  of,  ib. ;  subclavius  (epi- 
coraco -humeral)  (levator  humeri) 
of,  38;  wings  of,  38,  59;  pectoral 
girdle  of,  40 ;  ligament  teres  in  all 
(including  cassowary),  44;  perching 
and  roosting  of,  45 ;  ambiens  of  (in 
thigh),  45-6,  60-1 ;  flexor  carpi 
ulnaris  of,  59 ;  expansor  secundari- 
orum  in,  60,  61;  notochord,  em¬ 
bryonic,  of,  68;  meniscus  of,  69; 
suspensory  ligament  of,  ib. ;  tensor 
patagii  in,  74;  levator  palpcbric 
of,  78;  live  prey  of,  98 
Brill,  larva  of,  186 
Bustard,  gizzard  of,  88 

Calf,  stomach  of,  94;  heart,  cervical 
of,  186-7 


Camel,  suspensory  ligament  of  fetlock 
of,  59 

Cape  ant-bear,  12 

Cassowary,  ligament  teres  of,  44 

Cat,  foetal,  44 

Ceratodus,  limbs  of,  26 

Cetaceans,  flippers  of,  63 

Chick,  embryonic  heart  of,  186; 

notochord  in,  69 
Chimsera,  301-2 
Cormorants,  ambiens  in,  46 
Cows,  omasum  of,  pins  in,  96 
Crocodiles,  27;  limbs  of,  15;  ambiens 
of,  45;  odontoid  of,  70;  eye  of, 
81-2 ;  crocodiles  and  argument  from 
design,  45 

Cuckoo,  gizzard  of,  91 

Dog,  dorsal  interossei  of,  24 

Dory,  99,  100 ;  legend  of,  100 

Duck,  expansor  secundariorum  of,  60 

Eagle,  nictitating  membrane  of,  79 
Earthworms.  See  Blind  guided  by 
vibration. 

Edentata,  long  ischial  spine  of,  53 
Emu,  34 

Fallow  deer,  antlers  of,  201;  growth 
of,  described,  201,  etc. ;  “  velvet,” 
ib.,  etc.;  burr,  202,  208;  rut,  203; 
John  Hunter’s  experiment,  204; 
structure,  205,  etc. 

Fishes,  electric  organs  of,  84-6;  noto¬ 
chord  in,  67-8;  swallowing  fishes, 
97 

Flat-fish,  eyes  and  manner  of  swim¬ 
ming  of,  185-6;  skull  of,  185 
Fowl,  biceps  sling  of  thigh  of,  33-4; 
meniscus  of,  69;  suspensory  liga¬ 
ment  of,  ib. ;  gizzards  of,  87,  etc. 
Fowls  (hens),  ovary  and  oviduct  of, 
single,  195;  secretion  in  ovary,  ib. 
See  also  Sex,  differentiation  of. 

Free  martins,  159-60 
Frogs,  27 ;  rich  musculature  of,  25-6 ; 
shoulder-girdle  of,  42 

Gibbon,  19;  biceps  foramen  of,  5 
Gizzard  trout  (gillaroo),  92,  93 
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Gleno-hiimeral  ligament,  absence  of, 
36 

Globiocephalus,  hyo-epiglottideus  of, 
74 

Goat,  ligamentum  teres  of,  44 
Goose,  expansor  secundariorum  of,  60 
Gracilis.  See.  Birds,  ambiens  of. 
Great  ant-eater,  larynx  of,  72-3 ; 

epiglottis  of,  72-4 
Grey  mullet  (mugil),  stomach  of,  92-3 
Guinea-pig,  gestation  of,  56;  pelvis 
of,  ih. ;  symphysial  ligament  of, 
in  parturition,  54-6 
Gull,  gizzard  of,  87 

Hammerhead  shark,  orbital  muscles 
of,  76-7 
Hornbill,  16 

Horse,  tail-raising  muscles  of,  8;  cal- 
caneo-metatarsal  ligament  of,  23 ; 
ligamentum  teres  of,  44 ;  suspensory 
ligament  of  fetlock  of,  58-9 ;  con¬ 
jugal  ligament  of,  66 ;  epiglottis  of, 
72 ;  vocal  chords  of,  73 ;  hyo- 
epiglottidean  muscle  of,  74 ;  glosso- 
hyal  of,  75;  retractor  bulbi  of, 
78;  nictitating  membrane  of,  79; 
colic  calculi  in,  102-3 
Hyrax,  20 ;  ligamentum  teres  wanting 
in,  44 

Insectivorous  animals,  glenohumeral 
ligament  of,  36 

Interclavicle.  See  Ornithorhyncus. 

Kangaroo,  Great,  pelvis  of,  52 
Kangaroos,  21;  pouch  of,  48;  pubic 
region  of,  51 ;  pyramidalis  of,  tb. ; 
pelvis  of,  52 ;  process  (ilio -pectineal) 
in,  52-3 ;  former  wide  domination 
of,  53 

Koala  (New  Zealand  native  bear),  20 

Lemurs,  glenohumeral  ligament  of, 
36;  supra -condyloid  foramen  of,  4 
Lepidosiren,  27 
Lion,  humerus  of,  4-5 
Lizards,  18,  27,  60;  limbs  of,  15; 
peroneo-tibial  in,  ib. ;  femoro- 
caudal  muscle  of,  26;  leg- muscles 
of,  35;  femoro-caudal  tendon 
of,  60 ;  odontoid  of,  70 ;  eye  of, 
82-3 

Macacus  rhesus,  31 
Mammals,  biceps  femoris  (thigh)  of, 
35;  subclavius  (epicoracohumeral) 
of,  38;  clavicle  of,  43;  ligamen¬ 
tum  teres  in  some,  44 ;  ambiens  of, 
46 ;  gluteus  quartus  of,  49-50 ; 
pyramidalis  of,  51 ;  pubic  ossicle  of. 


54 ;  conjugal  ligament  of,  66 ;  noto- 
ehord,  embryonic,  of,  68;  hyo- 
epiglottic  muscle  of,  74;  intestinal 
tract  of,  slung  on  a  common  mesen¬ 
tery,  189;  pelvic  kidneys  absent 
in,  194 

Manatee  (sea-cow),  six  vertebrae  of, 
185;  foetal  hair  of,  'ib. 

Mangabey  monkey,  gluteus  quartus 
absent  in,  50 ;  ilio-femoral  band 
present,  ib. 

Marsupials,  51-3 ;  pyramidalis  of,  51 ; 
pubic  region  of,  ligament  in,  51-2 ; 
fossil  in  Great  Britain,  53 
Mesoploden  bidens.  See  Sowerby’s 
whale. 

Mole,  pelvis  of,  lacking  symphysis,  54 
Monitor,  orbit  of,  83 
Monkey,  extensors  of,  21 ;  feet  of, 
31;  peroneal  tendon  hoop  of,  32; 
sling  ligament  of,  tb. ;  glenohumeral 
ligament  of,  36;  pectoralis  minor 
of,  39 ;  coracoid  of,  43 ;  ilio-femoral 
band  wanting  in  some,  50 ;  tailed 
and  tailless,  53 ;  eyelid  of,  77 ; 
Tenon's  capsule  in,  79;  two  pleural 
cavities  of,  189 

Monotremata,  20 ;  pectoral  girdle  of, 
40 ;  coracoid  of,  42 
Mormyr,  84,  86 

Musk-deer,  biceps  foramen  of,  5 
Ophidians,  18 

Opossums,  glenohumeral  ligament  of, 
36 

Orang,  19-20 ;  scansorius  of,  48 
Ornithorhyncus,  coracoid  of,  42 ; 
interclavicle  in  (a  T-shaped  bone), 
ib. ;  shoulder-girdle  of,  ib. ;  pyra¬ 
midalis  of,  51 ;  epipubic  bone  of, 
52 ;  ligament  in  pubic  region  of, 
ib. ;  odontoid  of,  70 
Ostrich  chick,  shoulder-girdle  of, 
40-1 ;  femur  of,  46 
Ostrich,  ligamentum  teres  in,  44 ; 
ambiens  of,  46;  nictitating  mem¬ 
brane  of,  79;  gizzard  of,  90-1; 
articles  in  gizzard,  including  the 
“  Thirty-nine,”  90-1 
Otter,  baculum  of,  230-1 
Owl,  nictitating  membrane  of,  79- 
80 

Ox,  suspensory  ligament  of  fetlock 
of,  58-9;  “  bible  ”  of,  94;  stomach 
of,  94,  96 
Oysters,  97 

Parrot  (Platycerus),  7 

Penguin,  32 ;  latissimus  dorsi  of,  ib. ; 

wing  of,  61-2 
Phalangers,  21 
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Pigeon,  menisci  of,  69;  suspensory 
ligament  of,  ib. 

Porpoise,  flippers  of,  63 ;  epiglottis 
of,  71;  larynx  of,  73;  hyo-epi- 
glottidean  muscle  of,  74 
Primates,  pectoral  girdle  of,  40 ; 

pyramidalis  of,  50 ;  larynx  of,  73 
Puffin,  303 
Puma,  humerus  of,  5 

Quadrumana,  hip  of,  49 

Rabbit,  foetal,  177.  See  also  Preg¬ 
nancy,  utero-abdominal. 

Rabbit,  utero-abdominal  gestation  of, 
177,  etc. 

Rail.  See  Birds,  flexor  carpi  ulnaris. 
Razor-bill.  See  Birds,  flexor  carpi 
ulnaris. 

Reptiles,  muscles  of,  1 ;  pectoral  girdle 
of,  40 ;  ligamentum  teres  of,  44 
Rhea,  34 

Rhinoceros,  biceps  femoris  of,  36 
Rodents,  supracondyloid  foramen  of, 
4 ;  glenohumeral  ligament  of,  36 
Roe-deer,  suspensory  ligament  of 
fetlock  of,  58 

Rook,  nictitating  membrane  of,  80 
Ruminants,  omasum  of,  94,  etc. 

Salamander,  rectus  abdominis  of,  52 

- Japanese,  epicoraco -humeral 

muscle  in,  38 

Sambre  deer,  suspensory  ligament  of 
fetlock  of,  58 

Screamer,  expansor  secundariorum  of, 
60 

Seal,  23;  foot  of,  ib.;  conjugal  liga¬ 
ment  of,  66-7 ;  stomach  of,  pebbles 
in,  94 ;  baculum  of,  230-1 
Sea-lion,  stomach  of,  pebbles  in,  94 
Sea-parrot  (puffin),  303 
Sea-squirts,  notochord  of,  68 
Selache  maxima  (barking  shark), 
ocular  muscles  of,  77 
Sheep,  prepuce  of,  48,  51 ;  suspen¬ 
sory  ligament  of  fetlock  of,  59 ; 
retractor  bulbi  of,  78 


Shoebill,  ambiens  wanting  or  vestigial 
in,  45-6 ;  eye  of,  in  eclipse,  80 ; 
nictitating  membrane  of,  79-80 
Shoulder-girdle  from  reptiles  to  pri¬ 
mates,  40 

Skate,  electric  muscles  of,  84-5 
Sloth,  long  ischial  spine  of,  53 ;  pelvis 
of,  ib.  and  54 ;  pubic  ossicle  of,  54 
— —  two-toed,  coracoscapular  fora¬ 
men  of,  6 

Snake  and  live  prey,  98 
Snake-bird,  gizzard  of,  90-1 
Sole,  eye  of,  186;  larva  of,  ih. 
Sowerby’s  whale,  flipper  of,  62-3 
Sphenodon  (lizard),  ambiens  of,  46 
Spider-monkey,  hyo -epiglottic  muscle 
of,  74 

Squirrels,  baculum  of,  230-1 
Star-gazer,  83,  85-6 

Tadpole,  optic  vesicle  transposed  by 
Lewis,  195;  lens-like  structure 
results,  ib. 

Tiger,  humerus  of,  5 
Toad,  spade-foot,  skull  of,  7 
Toucan,  34 

Trout,  “  gizzard  ”  (gillaroo),  92-3 
Turkey,  eye  of,  81 ;  nictitating  mem¬ 
brane  of,  79—80;  gizzard  of,  88-9 
Turtle,  skull  of,  7 ;  odontoid  of,  68- 
70 

Turtle,  green,  somatomes  of,  185 

Vertebrates,  eye  of,  development  of, 
195;  notochord  of,  67 
Vizcacha,  12 

Vulture,  wing  of,  61.  See  also  Birds, 
flexor  carpi  ulnaris,  59 

Wapiti,  antlers  of,  205 
Whales,  flippers  of,  62-3 ;  vestigial 
structures  in,  ib. ;  vestigial  elements 
in,  63 ;  thumb  missing  in  some,  ib. ; 
enormous  muscles  of  flukes,  63, 
etc. ;  beautiful  mechanism,  ib. ; 
flukes  of  (tail),  63-5;  scrollwise 
action  of,  64;  larynx  of,  71;  hyo- 
epiglottic  muscle  of,  74;  fat  of,  185 
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